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SURFACE  WATER  SUPPLY  OF  THE  LOWER  MISSISSIPPI 

BASIN,  1909. 


By  W.  B.  Freeman  and  R.  H,  Bolster. 


INTRODUCTION. 

AUTHORITY   FOR  INVESTIGATIONS. 

This  volume  contains  results  of  flow  measurements  made  on 
certain  streams  in  the  United  States.  The  work  was  performed  by 
the  water-resources  branch  of  the  United  States  Geological  Survey, 
either  independently  or  in  cooperation  with  organizations  mentioned 
herein.  These  investigations  are  authorized  by  the  organic  law  of 
the  Geological  Survey  (Stat.  L.,  vol.  20^  p.  394),  which  provides, 
among  other  things,  as  follows: 

Provided  that  this  officer  [the  Director]  shfiill  have  the  direction  of  the  Geological 
Survey  and  the  classification  of  public  lands  and  examination  of  the  geological  struc- 
ture, mineral  reeourc^,  and  products  of  the  national  domain. 

Inasmuch  as  water  is  the  most  abundant  and  most  valuable  min- 
eral in  nature,  the  investigation  of  water  resources  is  included  under 
the  above  provisions  for  investigating  mineral  resources.  The  work 
has  been  supported  since  the  fiscal  year  ending  June  30,  1895,  by 
appropriations  in  successive  sundry  civil  bills  passed  by  Congress 
under  the  following  item : 

For  gaging  the  streams  and  determining  the  water  supply  of  the  United  States,  and 
for  the  investigation  of  underground  currents  and  artesian  wells,  and  for  the  prepara- 
tion of  reports  upon  the  best  methods  of  utilizing  the  water  resources. 

The  various  appropriations  that  have  been  made  for  this  purpose 
are  as  follows : 

Annual  appropriations  for  the  fiscal  year  ending  June  30 — 

1895 $12,500 

1896 20,000 

1897  to  1900,  inclusive 50, 000 

1901  to  1902,  inclusive 100, 000 

1903  to  1906,  inclusive 200, 000 

1907 150,000 

1908  to  1910,  inclusive 100, 000 

1911 150,000 
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6  SURFACE   WATER  SUPPLY,  1909,   PART  VII. 

SCOPE   OF   INVESTIGATIONS. 

These  investigations  of  stream  flow  are  not  complete  nor  do  they 
include  all  the  river  systems  or  parts  thereof  that  might  purposefully 
be  studied.  The  scope  of  the  work  is  limited  by  the  appropriations 
available.  The  field  covered  is  the  widest  and  the  charact^^r  of  the 
work  is  believed  to  be  the  best  possible  under  the  controlling  con- 
ditions. The  work  would  undoubtedly  have  greater  scientific  impor- 
tance and  ultimately  be  of  more  practical  value  if  the  money  now 
expended  for  wide  areas  were  concentrated  on  a  few  small  drainage 
basins;  but  such  a  course  is  impossible  because  general  appropria- 
tions made  by  Congress  are  applicable  to  all  parts  of  the  country. 
Each  part  demands  its  proportionate  share  of  the  benefits. 

It  is  essential  that  records  of  stream  flow  shall  be  kept  during  a 
period  of  years  long  enough  to  determine  within  reasonable  limits  the 
entire  range  of  flow  from  the  absolute  maximum  to  the  absolute 
minimum.  The  length  of  such  a  period  manifestly  differs  for  differ- 
ent streams.  Experience  has  shown  that  the  records  for  some 
streams  should  cover  from  five  to  ten  years,  and  for  other  streams 
twenty  years  or  even  more,  the  limit  being  determined  by  the  rela- 
tive importance  of  the  stream  and  tlie  interdependence  of  the  results 
with  other  long-time  records  on  adjacent  streams. 

In  the  performance  of  this  work  an  effort  is  made  to  reach  the  high- 
est degree  of  precision  possible  witli  a  rational  expenditure  of  time  and 
a  judicious  expenditure  of  a  small  amount  of  money.  In  all  engineer- 
ing work  there  is  a  point  beyond  which  refinement  is  needless  and 
wasteful,  and  this  statement  applies  with  especial  force  to  stream- 
flow  measurements.  It  is  confidently  believed  that  the  stream-flow 
data  presented  in  the  publications  of  the  Survey  are  in  general  suffi- 
ciently accurate  for  all  practical  purposes.  Many  of  the  records  are, 
however,  of  insufficient  length,  owing  to  the  unforeseen  reduction  of 
appropriations  and  consequent  abandonment  of  stations.  All  per- 
sons are  cautioned  to  exercise  the  greatest  care  in  using  such  incom- 
plete records. 

Records  have  been  obtained  at  more  than  1,550  different  points  in 
the  United  States,  and  in  addition  the  surface  water  supply  of  small 
areas  in  Seward  Peninsula  and  the  Yukon-Tanana  region,  Alaska, 
has  been  investigated.  During  1909  regular  gaging  stations  were 
maintained  by  the  Survey  and  cooperating  organizations  at  about 
850  points  in  the  United  States,  and  many  miscellaneous  measure- 
ments were  made  at  other  points.  Data  were  alsoobtained  inregard 
to  precipitation,  evaporation,  storage,  reservoirs,  river  profiles,  and 
water  power  in  many  sections  of  the  country  and  will  be  made  avail- 
able in  the  regular  surface  water-supply  papers  and  in  special  papers 
from  time  to  time. 
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LOWEE  MISSISSIPPI  BASIN.  7 

PURPOSES   OF   THE.  WORK. 

The  results  contained  in  this  volume  are  requisite  to  meet  the 
immediate  demands  of  many  public  interests,  including  navigation, 
irrigation,  domestic  water  supply,  water  power,  swamp  and  overflow 
land  drainage,  and  flood  prevention. 

Navigation.— ^The  Federal  Government  has  expended  more  than 
$250,000,000  for  the  improvement  of  inland  navigation,  and  pros- 
pective expenditures  will  approximate  several  times  this  amount. 
It  is  obvious  that  the  determination  of  stream  flow  is  necessary  to  the 
intelligent  solution  of  the  many  problems  involved. 

Irrigation, — ^The  United  States  is  now  expending  $51,000,000  on 
federal  irrigation  systems,  and  this  amount  is  far  exceeded  by  the 
private  expenditures  of  this  nature  in  the  arid  West.  The  integrity 
of  any  irrigation  system  depends  absolutely  on  the  amount  of  water 
available.  Therefore  investigations  of  stream  flow  in  that  portion  of 
the  country  are  not  only  of  first  importance  in  the  redemption  of  the 
lands,  but  constitute  an  insurance  of  federal  and  private  investments. 

Domestic  vmter  s^ipply. — The  highest  use  ,of  water  is  for  domestic 
supply,  and  although  this  branch  of  the  subject  is  of  less  direct  federal 
interest  than  the  branches  already  named,  it  nevertheless  has  so 
broad  a  significance  with  respect  to  the  general  welfare  that  the 
Federal  Government  is  idtimately  and  intimately  concerned. 

Water  power. — ^The  development  of  the  water  power  of  the  country 
is  an  economic  necessity.  Our  stock  of  coal  is  being  rapidly  depleted 
and  the  cost  of  steam  power  is  increasing  accordingly.  Industrial 
growth,  and  as  a  consequence  the  progress  of  the  United  States  as 
a  nation,  will  cease  if  cheap  power  is  not  available.  Water  power 
affords  the  only  avenue  now  open.  When  the  electric  transmission 
of  power  was  accomplished  the  relation  of  our  water  powers  to 
national  economy  changed  entirely.  Before  the  day  of  electric 
transmission  water  power  was  important  only  at  the  locality  at 
which  it  was  generated,  but  it  has  now  become  a  public  utility  in 
which  the  individual  citizen  is  vitally  interested.  Inasmuch  as  the 
amount  of  water  power  that  may  be  made  available  depends  on  the 
flow  of  rivers,  the  investigation  of  flow  becomes  a  prerequisite  in  the 
judicious  management  of  this  source  of  energy. 

Drainage  of  swamp  and  overflowed  lands. — More  than  70,000,000 
acres  of  the  richest  land  in  this  country  are  now  practically  worthless 
or  of  precarious  value  by  reason  of  overflow  and  swamp  conditions. 
When  this  land  is  drained  it  becomes  exceedingly  productive  and  its 
value  increases  many  fold.  Such  reclamation  would  add  to  the 
national  assets  at  least  $700,000,000.  The  study  of  run-off  is  the 
first  consideration  in  connection  with  drainage  projects.  If  by  the 
drainage  of  a  large  area  into  any  particular  channel  that  channel 
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becomes  so  gorged  with  water  which  it  had  not  hitherto  been  called 
upon  to  convey  that  overflow  conditions  are  created  in  places  where 
previously  the  land  was  not  subject  to  inundation,  then  drainage 
results  merely  in  an  exchange  of  land  values.  This  is  not  the  purpose 
of  drainage  improvement. 

Flood  prevention. — The  damage  from  floods  in  the  United  States 
probably  exceeds  on  the  average  $100,000,000  annually,  and  in  the 
year  1908,  according  to  estimates  based  on  reliable  data,  the  aggre- 
gate damage  approximated  $250,000,000.  Such  an  annual  tax  on 
the  property  of  great  regions  should  be  reduced  in  the  orderly  progress 
of  government.  It  goes  without  saying  that  any  consideration  of 
flood  prevention  must  be  based  on  a  thorough  knowledge  of  stream 
flow,  both  in  the  contributing  areas  which  furnish  the  water  and 
along  the  great  lowland  rivers. 

PUBLICATIONS. 

The  data  on  stream  flow  collected  by  the  United  States  Geological 
Survey  since  its  inception  have  appeared  in  the  annual  reports, 
bulletins,  and  water-supply  papers.  Owing  to  natural  processes  of 
evolution  and  to  changes  in  governmental  requirements,  the  character 
of  the  work  and  the  territory  covered  by  these  different  pubUcations 
has  varied  greatly.  For  the  purpose  of  uniformity  in  the  presenta- 
tion of  reports  a  general  plan  has  been  agreed  upon  by  the  United 
States  Reclamation  Service,  the  United  States  Forest  Service,  the 
United  States  Weather  Bureau,  and  the  United  States  Geological 
Survey,  according  to  which  the  area  of  the  United  States  has  been 
divided  into  twelve  parts,  whose  boundaries  coincide  with  certain 
natural  drainage  lines.  The  areas  so  described  are  indicated  by  the 
following  list  of  papers  on  surface  water  supply  for  1909.  The 
dividing  line  between  the  North  Atlantic  and  South  Atlantic  drainage 
areas  lies  between  York  and  James  rivers. 

Papers  on  surface  water  supply  of  the  United  States y  J 909. 


Part. 

No. 

Title. 

Part. 

VI 

VII 

VHI 

IX 

X 

XI 

XII 

No. 

Title. 

I 
11 

ni 

IV 

v 

261 
262 

263 
264 
265 

North  Atlantic  const. 

South  Atlantic  coast  and  eastern  Otilf 

of  Mexico.                                            , 
Ohio  River  basin.                                   1 
St.  Lawrence  River  basin.                     ! 
Upper  Mississippi  River  and  Hudson 

Bay  basin. 

266 
207 
26S 
269 
270 
271 
272 

Missouri  River  basin. 

Lower  Mississippi  River  basin. 

Western  Gulf  of  Mexico. 

Colorado  River  basin. 

Great  Basin. 

California. 

North  Pacific  coast. 

The  following  table  gives  the  character  of  data  regarding  stream 
flow  at  regular  stations  to  be  found  in  the  various  publications  of 
the  United  States  Geological  Survey  exclusive  of  all  special  papers. 
Numbers  of  reports  are  inclusive  and  dates  also  are  inclusive  so  far 
as  the  data  are  available. 
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Stream-flow  data  in  reports  of  the  United  States  Geological  Survey, 
(AniL-Aimaal  Report;  B.<- Bulletin;  W.  S.— Water-Supply  Paper.] 


Report. 


Character  of  data. 


10th  Ann.,  pt  2. 
11th  Ann.,  pt.  2. 

12th  Ann.,  pt.  2. 


Descriptive  information  only. 
Monthly  discharge 

-...do...^ 


13th  Ann.,  pt.  3 |  Mean  discharge  in  second-feet. 

14th  Ann.,  pt.  2 


B.  131 

leth  Ann.,  pt.  2. 
B.  140 


W.S.U 

18th  Ann.,  pt.  4. 

W.S.15 


W.S.16 


mh  Ann.,  pt.  4. 

W.8.27 

W.8.28 

20th  Ann.,  pt  4. 
W.  8.  35  to  39... 
21st  Ann.,  pt  4.. 
W.  8.47  to 52... 
22d  Ann.,  pt.  4. . 

W.  8.65,  66 

W.S.75 

W.  8.  82  to  85... 
W.  8.  »7  to  100. . 
W.  8.  124  to  135. 
W.  8.  165  to  178. 
W.  8.  201  to  214. 
W.  8.  241  to  252. 
W.  8.  261  to  272. 


Monthly  dischaii^  (long-time  records,  1871  to  1893) 

Descriptions,  measurements,  gage  heights,  and  ratings 

Descriptive  information  only 

Descriptions,  measurements,  gage  heights,  ratings,  and  monthly 
discharge  (also  many  data  covering  earlier  years). 

Gage  heights  (also  gaj^  heights  for  earlier  years) 

Descriptions,  measurements,  ratings,  and  monthly  discharge 
(also  similar  data  for  earlier  years). 

Descriptions,  measurements,  and  gage  heights,  eastern  United 
States,  eastern  Mississippi  River,  and  Missouri  River  above 
junction  with  Kansas. 

Descriptions,  measurements,  and  ^ge  heights,  western  Missis- 
sippi River  below  junction  of  Missouri  and  Platte,  and  west- 
em  United  States. 

Descriptions,  measurements,  ratings,  and  monthly  discharge 
(also  some  long-time  records). 

Measurements,  ratings,  and  gage  heights,  eastern  United  States, 
eastern  Mississippi  River,  and  Missouri  River. 

Measurements,  ratmgs,  and  gage  heights,  Arkansas  River  and 
western  United  States. 

Monthly  discharge  (also  for  many  earlier  years) 

Descriptions,  measurements,  gage  heights,  and  ratings 

Monthly  discharge 

Descriptions,  measurements,  gage  heights,  and  ratings 

Monthly  discharge 

Descriptions,  measurements,  gage  heights,  and  ratings 

Monthly  discharge 

Complete  data 


Year. 


18S4  to  Sept., 

1890. 
1884  to  June  30, 

1891. 
1884  to  Dec.  31, 

1892. 
1888  to  Dec.  31, 

1893. 
1893  and  1894. 

1805. 


1895  and  1896. 
1897. 


.do. 
.do. 


Complete  data,  except  descriptions. 
Complete  data 


1897. 


1897. 

j  1898. 

I  1898. 

I  1898. 
,  1899. 

1899. 
[  1900. 

1900. 

1901. 

1901. 

1902. 
;  1903. 
:  1904. 
I  1905. 

1906. 
1  1907-8. 
I  1909. 


Note.— No  data  regarding  stream  flow  are  given  in  the  15th  and  17th  annual  reports. 

The  records  at  most  of  the  stations  discussed  in  these  reports 
extend  over  a  series  of  years.  An  index  of  the  reports  containing 
records  prior  to  1904  has  been  published  in  Water-Supply  Paper  119. 
The  first  table  which  follows  gives,  by  years  and  drainage  basins,  the 
numbers  of  the  papers  on  surface  water  supply  published  from  1899 
to  1909.  Wherever  the  data  for  a  drainage  basin  appear  in  two 
papers  the  number  of  one  is  placed  in  parentheses  and  the  portion  of 
the  basin  covered  by  that  paper  is  indicated  in  the  second  table.  For 
example,  in  1904  the  data  for  Missouri  River  were  published  in  Water- 
Supply  Papers  130  and  131,  and  the  portion  of  the  records  contained 
in  Water-Supply  Paper  131,  as  indicated  by  the  second  table,  is  that 
relating  to  Platte  and  Kansas  rivers. 
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Numbers  of  water-supply  papers  containing  results  of  stream  measurements^  1899-1909. 


189Q.a      IQOO.fr 


Atlantic  coast  and  east- 
ern Gulf  of  Mexico: 
New  England  rivers. .  35 

Hudson     River     to 
Delaware      River, 

Inclusive ]         36 

Susquehanna    River 
to  York  River,  in-  . 

elusive 35 

James  River  to  Yad-  I 
kin    River,    inclu-  t 

sive '(35).36 

Santee  River  to  Pearl 

River,  inclusive 36 

St.  Lawrence  River 36 

Hudson  Bay | 

Mississippi  River: 

Ohio.River '         36 

Mississippi  \ 


""W^, 


iver. 
Missouri  River. 


30 


'  (30),37 


Lower      Mississippi  1 

River ../ 

Western  Gulf  of  Mexico. .; 
Pacific  coast  and  Great  l 
Basin: 


Cotorado  River I  (37),38 

Great  Basin 38,  (39) 

South  Pacific  coast  to  I 
Klamath      River, 
inclusive (38),39 

North  Pacific  coast. . .  I         38 


47 

47,(48) 
48 

48 

48 
49 


48,(49) 
49 


190L 


65,75 
65,76 
65,76 

65,75 

65,76 
65,76 
66,75 

65,75 
65,75 


,  I 


19,(50)  '    66,75 
50  {    (<»1' 


60 


60 
61 


61 
51 


65,76 
66,75 


66,75 
66,76 

66,76 
66,76 


1902. 


82 


82 


(82),83 

83 

(82),83 
85 

83 
83 

84 

}(83),84 
84 


1903. 


97 


1904. 


97 
97 

(»7),98 

96 
97 
100 

98 

98,(99)   I 


124 
125 
126 

126 

127 
129 
130 

128 
128, 

(130) 
130, 

(131) 


99 


100 
100 


100 
100 


132 


133, 
(134) 

133. 
(134) 


134 
136 


1905. 

165 
166 
167 
167 


170 
171 

160 

\  "1 

\    172 

(169), 

173 

174 


175, 
(177) 

176» 
(177) 


1906. 


1907-8.    1900. 


241 


201 
202 
203 

203 

204 
206 
207 

206 
207 

206 

210        248 


261 


241  I      261 


241         261 


242  . 

242 
244 
246 

243 
245 


211. 
(213) 

212, 
(213) 


213 


177 


249, 
(251) 

250, 
(251) 


251 
252 


262 

262 
2G4 
265 

2G3 
205 

266 

267 


2C9, 
(271) 

270, 
(271) 


271 
272 


o  Rating  tables  and  index  to  Water-Supply  Papers  35-39  contained  in  Water-Supply  Paper  39. 
6  Rating  tables  and  index  to  WGter-Supply  Papers  47-52  and  data  on  precipitation,  welte,  and  Irrigation 
in  California  and  Utah  contained  in  Water-Supply  Paper  52. 

Numbers  of  water-supply  papers  containing  data  covering  portions  cf  drainage  basins. 


No. 


35 
36 
37 

38 
39 
48 
49 
50 

65 

82 

83 
97 
98 
99 
128 
130 
131 

134 

169 

177 

205 

213 

251 
271 


-River  basin 


James , 

Missouri 

(Colorado 

Sacramento.. 
Great  Basin. 

Delaware 

Ohio. 

Missouri 


Lower  Mississippi 

(James 

\St.  Lawrence 

Lower  Missi.ssippi 

James jt 

Lower  Mississippi 

Upper  Mississippi 

Lower  Mississippi 

Upper  Mississippi 

Missouri 

/Colorado 

\Great  Basin 

Lower  Mississippi 

{Colorado Below  junction  with  Gila. 
Great  Basin I  Susan  repeated,  Owens,  Mohave 
North  Pacific  coast Ro^e.  Umpqua,  Siletz. 


Tributaries  included. 


Gallatin. 

Green,  Gunni.son,  Grand  above  Junction  with  Gunnison. 

Except  Kings  and  Kern. 

Mohave. 

Wissahickon  and  Schuylkill. 

Scioto. 

Loup  and  Platte  near  Columbus^^ebr.     All  tributaries  below 

junction  with  Platte. 
Yazoo. 


Lake  Ontario,  tributaries  to  St.  Lawrence  River  proper. 
Yazoo. 

Do. 
Tributaries  from  the  west. 
Yazoo. 

Tributaries  from  ♦he  west. 
Platte,  Kansas. 

Data  near  Yuma.  Ariz.,  repeated. 
Susan,  Owens,  Mohave. 
Yazoo. 


Ix)wer  Mississippi. 

{Colorado 
Great  Basin 
Colorado 
Great  Basin 


Yazo3,  Homochitto. 

Data  at  HardyNille  repeated;  at  Yuma,  Salton  Sea. 

Owens,  Mohave. 

Yuma  and  Salton  Sea  stations  repeated. 

Owens  River  basin. 
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The  order  of  treatment  of  stations  in  any  basin  in  these  papers  is 
downstream.  The  main  stem  of  any  river  is  determined  on  the  basis 
of  drainage  area,  local  changes  in  name  and  lake  surface  being  dis- 
regarded. After  all  stations  from  the  source  to  the  mouth  of  the 
main  stem  of  the  river  have  been  given,  the  tributaries  are  taken  up 
in  regular  order  from  source  to  mouth.  The  tributaries  are  treated 
the  same  as  the  main  stream,  all  stations  in  each  tributary  basin 
being  given  before  taking  up  the  next  one  below. 

The  exceptions  to  this  rule  occur  in  the  records  for  Mississippi 
River,  which  are  given  in  four  parts,  as  indicated  above,  and  in  the  • 
records  for  large  lakes,  where  it  is  often  clearer  to  take  up  the  streams 
in  regular  order  around  the  rim  of  the  lake  than  to  cross  back  and 
forth  over  the  lake  surface. 

DEFINITION   OF  TERMS. 

The  volume  of  water  flowing  in  a  stream — the  ''run-off'^  or  *' dis- 
charge"— is  expressed  in  various  terms,  each  of  which  has  become 
associated  with  a  certain  class  of  work.  These  terms  may  be  divided 
into  two  groups:  (1)  Those  which  represent  a  rate  of  flow,  as  second- 
feet,  gallons  per  minute,  miner^s  inches,  and  run-oflF  in  second-feet 
per  square  mile,  and  (2)  those  which  represent  the  actual  quantity 
of  water,  as  run-off  in  depth  in  inches  and  acre-feet.  They  may  be 
defined  as  follows: 

** Second-foot"  is  an  abbreviation  for  cubic  foot  per  second  and  is 
the  rate  of  discharge  of  water  flowing  in  a  stream  1  foot  wide,  1  foot 
deep,  at  a  rate  of  1  foot  per  second.  It  is  generally  used  as  a  funda- 
mental unit  from  which  others  are  computed  by  the  use  of  the  factors 
given  in  the  following  table  of  equivalents. 

*  *  Gallons  per  minute  "  is  generally  used  in  connection  with  pumping 
and  city  water  supply. 

The  ** miner's  inch"  is  the  rate  of  discharge  of  water  that  passes 
through  an  orifice  1  inch  square  under  a  head  which  varies  locally. 
It  is  commonly  used  by  miners  and  irrigators  throughout  the  West, 
and  is  defined  by  statute  in  each  State  in  which  it  is  used. 

** Second-feet  per  square  mile"  is  the  average  number  of  cubic  feet 
of  water  flowing  per  second  from  each  square  mile  of  area  drained, 
on  the  assumption  that  the  run-off  is  distributed  uniformly  both  as 
regards  time  and  area. 

'* Run-off,  depth  in  inches  on  drainage  area,"  is  the  depth  to  which 
the  drainage  area  would  be  covered  if  all  the  water  flowing  from  it 
in  a  given  period  were  conserved  and  uniformly  distributed  on  the 
surface.  It  is  used  for  comparing  run-off  with  rainfall,  which  is 
usually  expressed  in  depth  in  inches. 

"Acre-foot"  is  equivalent  to  43,560  cubic  feet,  and  is  the  quantity 
required  to  cover  an  acre  to  the  depth  of  1  foot.  It  is  commonly 
used  in  connection  with  storage  for  irrigation  work. 
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CONVENIENT   EQUIVALENTS. 

The  following  is  a  list  of  convenient  equivalents  for  use  in  hydraulic 
computations: 

1  second-foot  equals  40  California  miner's  inches  (law  of  March  23,  1901). 
1  second-foot  equals  38.4  Colorado  miner's  inches. 
1  second-foot  equals  40  Arizona  miner's  inches. 

1  second-foot  equals  7.48  United  States  gallons  per  second;  equals  448.8  gallons  per 
minute;  equals  646,272  gallons  for  one  day. 
1  second-foot  equals  6.23  British  imperial  gallons  per  second. 
1  second-foot  for  one  year  covers  1  square  mile  1.131  feet  or  13.572  inches  deep. 
1  second-foot  for  one  year  equals  31,536,000  cubic  feet. 
1  second-foot  equals  about  1  acre-inch  per  hour. 
1  second-foot  for  one  day  covers  1  square  mile  0.03719  inch  deep. 
1  second -foot  for  one  28-day  month  covers  1  square  mile  1.041  inches  deep. 
1  second-foot  for  one  29-day  month  covers  1  square  mile  1.079  inches  deep, 
1  second-foot  for  one  30-day  month  covers  1  square  mile  1.116  inches  deep. 
1  second-foot  for  one  31-day  month  covers  1  square  mile  1.153  inches  deep. 
1  second-foot  for  one  day  equals  1.983  acre-feet. 
1  second-foot  for  one  28-day  month  equals  55.54  acre-feet. 
1  second-foot  for  one  29-day  month  equals  57.52  acre-feet. 
1  second-foot  for  one  30-day  month  equals  59.50  acre-feet. 
1  second-foot  for  one  31-day  month  equals  61.49  acre-feet. 
100  California  miner's  inches  equal  18.7  United  States  gallons  per  second. 
100  California  miner's  inches  equal  96.0  Colorado  miner's  inches. 
100  California  miner's  inches  for  one  day  equal  4.96  acre-feet. 
100  Colorado  miner's  inches  equal  2.60  second-feet. 
100  Colorado  miner's  inches  equal  19.5  United  States  gallons  per  second. 
100  Colorado  miner's  inches  equal  104  California  miner's  inches. 
100  Colorado  miner's  inches  for  one  day  equal  5.17  acre-feet. 
100  United  States  gallons  per  minute  equal  0.223  second-foot. 
100  United  States  gallons  per  minute  for  one  day  equal  0.442  acre-foot. 
1,000,000  United  States  gallons  per  day  equal  1.55  second -feet. 
1,000,000  United  States  gallons  equal  3.07  acre-feet. 
1,000,000  cubic  feet  equal  22.95  acre-feet. 
1  acre-foot  equals  325,850  gallons. 

1  inch  deep  on  1  square  mile  equals  2,323,200  cubic  feet. 
1  inch  deep  on  1  square  mile  equals  0.0737  second-foot  per  year. 
1  foot  equals  0.3048  meter. 
1  mile  equals  1 .60935  kilometers. 
1  mile  equals  5,280  feet. 
1  acre  equals  0.4047  hectare. 
1  acre  equals  43,560  square  feet. 
1  acre  equals  209  feet  square,  nearly. 
1  square  mile  equals  2.59  square  kilometers. 
1  cubic  foot  equals  0.0283  cubic  meter. 
1  cubic  foot  equals  7.48  gallons. 
1  cubic  foot  of  water  weighs  62.5  pounds. 
1  cubic  meter  per  minute  equals  0.5886  second-foot. 
1  horsepower  equals  550  foot-pounds  per  second . 
1  horsepower  equals  76.0  kilogram-meters  per  second. 
1  horsepower  equals  746  watts. 
1  horsepower  equals  1  second-foot  felling  8.80  feet. 
1 J  horsepower  equal  about  1  kilowatt. 

To  calculate  water  power  quickly:  -^•"    '^^ — "^  ^  ^oiet  horsepower  on  water 

wheel  realizing  80  per  cent  of  theoretical  power. 
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EXPLANATION   OF   TABLES. 

For  each  drainage  basin  there  is  given  a  brief  description  of  general 
conditions  covering  such  features  as  area,  source,  tributaries,  topog- 
raphy, geology,  conditions  of  forestation,  rainfall,  ice  conditions, 
irrigation,  storage,  power  possibilities,  and  other  special  features  of 
importance  or  interest. 

For  each  regular  current-meter  gaging  station  are  given  in  general, 
and  so  far  as  available,  the  following  data:  Description  of  station, 
list  of  discharge  measurements,  table  of  daily  gage  heights,  table  of 
daily  discharges,  table  of  monthly  and  yearly  discharges  and  run-off. 
For  stations  located  at  weirs  or  dams  the  gage-height  table  is  omitted. 

In  addition  to  statements  regarding  the  location  and  installation 
of  current-meter  stations  the  descriptions  give  information  in  regard 
to  any  conditions  which  may  affect  the  constancy  of  the  relation  of 
gage  height  to  discharge,  covering  such  points  as  ice,  logging,  shifting 
conditions  of  flow,  and  backwater;  also  information  regarding  diver- 
sions which  decrease  the  total  flow  at  the  measuring  section.  State- 
ments are  also  made  regarding  the  accuracy  and  reliabiUty  of  the  data. 

The  discharge-measurement  table  gives  the  results  of  tlie  discharge 
measurements  made  during  the  year,  including  the  date,  name  of 
hydrographer,  width  and  area  of  cross  section,  gage  height,  and  dis- 
charge in  second-feet. 

The  table  of  daily  gage  heights  gives  the  daily  fluctuations  of  the 
surface  of  the  river  as  found  from  the  mean  of  the  gage  readings 
taken  each  day.  At  most  stations  the  gage  is  read  in  the  morning 
and  in  the  evening.  The  gage  height  given  in  the  table  represents 
the  elevation  of  the  surface  of  the  water  above  the  zero  of  the  gage. 
All  gage  heights  during  ice  conditions,  backwater  from  obstructions, 
etc.,  are  published  as  recorded,  with  suitable  footnotes.  The  rating 
is  not  appUcable  for  such  periods  unless  the  proper  corrections  to 
the  gage  heights  are  known  and  appUed.  Attention  is  called  to  the 
fact  that  the  zero  of  the  gage  is  placed  at  an  arbitrary  datum  and  has 
no  relation  to  zero  flow  or  the  bottom  of  the  river.  In  general,  the 
zero  is  located  somewhat  below  the  lowest  known  flow,  so  that 
negative  readings  shall  not  occur. 

The  discharge  measurements  and  gage  heights  are  the  base  data 
from  which  rating  tables,  daily  discharge  tables,  and  monthly  dis- 
charge tables  are  computed. 

The  rating  table  gives,  either  directly  or  by  interpolation,  the 
discharge  in  second-feet  corresponding  to  every  stage  of  the  river 
recorded  during  the  period  for  which  it  is  appUcable.  It  is  not 
published  in  this  report  but  can  be  determined  from  the  daily  gage 
heights  and  daily  discharges  for  the  purposes  of  verifying  the  pub- 
lished results  as  follows. 
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First  plot  the  discharge  measurements  for  the  current  and  eariier 
years  on  cross-section  paper  with  gage  heights  in  feet  as  ordinates 
and  discharge  in  second-feet  as  abscissae.  Then  tabulate  a  number 
of  gage  heights  taken  from  the  daily  gage-height  table  for  the  com- 
plete range  of  stage  given  and  the  correspcJnding  discharges  for  the 
days  selected  from  the  daily  discharge  table  and  plot  the  values  on 
cross-section  paper.  The  last  points  plotted  will  define  the  rating 
curve  used  and  will  he  among  the  plotted  discharge  measurements. 
After  drawing  the  rating  curve,  a  table  can  be  developed  by  scaling 
oflf  the  discharge  in  second-feet  for  each  tenth  foot  of  gage  height. 
These  values  should  be  so  adjusted  that  the  first  differences  shall 
always  be  increasing  or  constant,  except  for  known  backwater 
conditions. 

The  table  of  daily  discharges  gives  tlio  discharges  in  second-feet 
corresponding  to  the  observed  gage  heights  as  determined  from  the 
rating  tables. 

In  the  table  of  monthly  discharge  the  column  headed  '^Maximiun" 
gives  the  mean  flow,  as  determined  from  the  rating  table,  for  the  day 
when  the  mean  gage  height  was  highest.  As  the  gage  height  is  the 
mean  for  the  day,  it  does  not  indicate  correctly  the  stage  when  the 
water  surface  was  at  crest  height  and  the  corresponding  discharge 
consequently  larger  than  given  in  the  "Maximiun^'  column.  Like- 
wise, in  the  column  of  '^Minimum''  the  quantity  given  is  the  mean 
flow  for  the  day  when  the  mean  gage  height  was  lowest.  The  coliunn 
headed  '^Mean''  is  the  average  flow  in  cubic  feet  for  each  second  dur- 
ing the  month.  On  this  the  computations  for  the  remaining  columns, 
which  are  defined  on  page  13,  are  based. 

FIELD   METHODS   OF   MEASURING    STREAM   FLOW. 

There  are  three  distinct  methods  of  determining  the  flow  of  open- 
channel  streams:  (1)  By  measurements  of  slope  and  cross  section 
and  the  use  of  Chezy's  and  Kutter's  formulas;  (2)  by  means  of  a 
weir  or  dam;  (3)  by  measurements  of  the  velocity  of  the  current  and 
of  the  area  of  the  cross  section.  The  method  chosen  depends  on  the 
local  physical  conditions,  the  degree  of  accuracy  desired,  the  funds 
available,  and  the  length  of  time  that  the  record  is  to  be  continued. 

Slope  method. — Much  information  has  been  collected  relative  to  the 
coefficients  to  be  used  in  the  Chezy  formula,  v^c^fRs.  This  has 
been  utilized  by  Kutter,  both  in  developing  his  formula  for  c  and  in 
determining  the  values  of  the  coeflicient  n  which  appear  therein. 
The  results  obtained  by  the  slope  method  are  in  general  only  roughly 
approximate,  owing  to  the  difficulty  in  obtaining  accurate  data  and 
the  uncertainty  of  the  value  for  n  to  be  used  in  Kutter's  formula. 
The  most  common  use  of  this  method  is  in  estimating  the  flood  dis- 
charge of  a  stream  when  the  only  data  available  are  the  cross  section. 
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the  slope  as  shown  by  marks  along  the  bank,  and  a  knowledge  of 
the  general  conditions.  It  is  seldom  used  by  the  United  States 
Geological  Survey.** 

Weir  method, — Relatively  few  stations  are  maintained  at  weirs  or 
dams  by  the  United  States  Geological  Survey.  Standard  types  of 
sharp-crested  and  broad-crested  weirs  within  the  limits  for  which 
accurate  coefficients  have  been  experimentally  obtained  give  very 
accurate  records  of  discharge  if  properly  maintained.  At  practically 
all  broad-crested  weirs,  however,  there  is  a  diversion  of  water  either 
through  or  around  the  dam,  usually  for  the  purpose  of  development 
of  water  power.  The  flow  is  often  compUcated  and  the  records  are 
subject  to  errors  from  such  sources  as  leakage  through  the  dam, 
backwater  at  high  stages,  uncertainty  regarding  coefficient,  irregu- 
larity of  crest,  obstructions  from  logs  or  ice,  use  of  flashboards, 
old  turbines  with  imperfect  ratings,  and  many  others  depending  on 
the  type  of  development  and  the  uses  of  the  diverted  water. 

In  general  records  of  discharge  at  dams  are  usually  accurate 
enough  for  practical  use  if  no  others  are  available.  It  has  been  the 
general  experience  of  the  United  States  Geological  Survey,  however, 
that  records  at  current-meter  gaging  stations  under  unobstructed 
channel  conditions  are  more  accurate  than  those  collected  at  dams, 
and  where  the  conditions  are  reasonably  favorable  are  practically  as 
good  as  those  obtained  at  sharp-crested  weirs.^ 

Velocity  method. — Streams  in  general  present  throughout  their 
courses  to  a  greater  or  less  extent  all  conditions  of  permanent,  semi- 
permanent, and  varying  conditions  of  flow.  In  accordance  with  the 
location  of  the  measuring  section  with  respect  to  these  physical 
conditions,  current-meter  gaging  stations  may  in  general  be  divided 
into  four  classes — (1)   those  with   permanent  conditions  of  flow; 

(2)  those  with  beds  which  change  only  during  extreme  high  water; 

(3)  those  with  beds  which  change  frequently,  but  which  do  not  cause 
a  variation  of  more  than  about  5  per  cent  of  the  discharge  curves 
from  year  to  year;  and  (4)  those  with  constantly  shifting  beds. 
In  determining  the  daily  flow  different  office  methods  are  necessary 
for  each  class.  The  field  data  on  which  the  determinations  are 
based  and  the  methods  of  collecting  them  are,  however,  in  general 
the  same. 

Great  care  is  taken  in  the  selection  and  equipment  of  gaging 
stations  for  determining  discharge  by   velocity  measurements,   in 

a  FullinformatioD  regarding  this  method  is  given  in  text-books  on  hydraulics. 

b  The  determination  of  discharge  over  the  different  types  of  weirs  and  daiiu  U  treated  fully  in  **  Weir 
experiments,  coefficients,  and  formulas"  (Water-Supply  Paper  200)  and  in  the  various  textbooks  on 
hydraulics.  "Turbine  water-wheel  tests  and  power  tables"  (Water-Supply  Paper  180)  treats  of  the  dis- 
charge through  turbines  when  used  as  meters.  The  edition  of  the  latter  water-supply  paper  is  nearly 
exhausted.  It  can,  however,  be  consulted  at  most  of  the  larger  libraries  of  the  country  or  it  can  be  obtained 
from  the  superintendent  of  documents,  Washtugton,  D.  C,  at  a  cost  of  20  cents. 
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order  that  the  data  may  have  the  required  degree  of  accuracy. 
They  are  located,  as  far  as  possible,  at  such  points  that  the  relation 
between  gage  height  and  discharge  will  always  remain  constant 
for  any  given  stage.  The  experience  of  engineers  of  the  Geological 
Survey  has  been  that  permanency  of  conditions  of  flow  is  the  prime 
requisite  of  any  current-meter  gaging  station  when  maintained  for 
several  years  unless  funds  are  available  to  cover  all  changes  in  condi- 
tions of  flow.  A  straight,  smooth  section  without  cross  currents, 
backwater,  boils,  etc.,  at  any  stage  is  highly  desirable,  but  on  most 
streams  is  not  attainable  except  at  the  cost  of  a  cable  equipment. 
Rough,  permanent  sections,  if  measurements  are  properly  made 
by  experienced  engineers,  taking  measuring  points  at  a  distance 
apart  of  5  per  cent  or  less  of  the  total  width,  will,  within  reasonable 
limits,  yield  better  results  for  a  given  outlay  of  money  than  semi- 
permanent or  shifting  sections  with  smooth,  uniform  current.  So 
far  as  possible  stations  are  located  where  the  banks  are  high  and  not 
subject  to  overflow  at  high  stages  and  out  of  the  influence  of  tributary 
streams,  dams,  or  other  artificial  obstructions  which  might  affect  the 
relation  between  gage  height  and  discharge. 

A  gaging  station  consists  essentially  of  a  gage  for  determining 
the  daily  fluctuations  of  stage  of  the  river  and  some  structure  or 
apparatus  from  which  discharge  measurements  are  made,  usually 
a  bridge  or  cable. 

The  two  factors  required  to  determine  the  discharge  of  a  stream 
past  a  section  perpendicular  to  the  mean  direction  of  the  current 
are  the  area  of  the  cross  section  and  the  mean  velocity  of  flow  normal 
to  that  section. 

In  making  a  measurement  with  a  current  meter  a  number  of  points, 
called  measuring  points,  are  measured  off  above  and  in  the  plane 
of  the  measuring  section  at  which  observations  of  depth  and  velocity 
are  taken.  (See  PI.  1,-4.)  These  points  are  spaced  equally  for 
those  parts  of  the  section  where  the  flow  is  uniform  and  smooth 
and  are  spaced  unequally  for  other  parts  according  to  the  discretion 
and  judgment  of  the  engineer.  In  general  the  points  should  not  be 
spaced  farther  apart  than  5  per  cent  of  the  channel  width,  nor  farther 
apart  than  the  approximate  mean  depth  of  the  section  at  the  time 
of  measurement. 

The  measuring  points  divide  the  total  cross  section  into  elementary 
strips  at  each  end  of  which  observations  of  depth  and  velocity  are 
made.  The  discharge  of  any  elementary  strip  is  the  product  of  the 
average  of  the  depths  at  the  two  ends  times  the  width  of  the  strip 
times  the  average  of  the  mean  velocities  at  the  two  ends  of  the  strip. 
The  sum  of  the  discharges  of  the  elementary  strips  is  the  total  dis- 
charge of  the  stream.* 

a  For  a  discussion  of  methods  of  computing  the  discharge  of  a  stream  see  Engineering  News,  June  25, 1906. 
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Depths  for  the  determination  of  the  area  are  usually  obtained  by- 
sounding  with  the  current  meter  and  cable.  In  rough  sections  or 
swift  current  an  ordinary  weight  and  cable  are  used,  particular  care 
being  taken  that  all  observations  shall  be  in  the  plane  of  the  cross 
section. 

Two  methods  of  determining  the  velocity  of  flow  of  a  stream  are 
in  general  use — the  float  method  and  the  current-meter  mothod. 

The  float  method,  with  its  various  modifications  of  surface,  sub- 
surface, and  tube  or  rod  floats,  is  now  considered  obsolete  in  the  ordi- 
nary practice  of  the  United  States  Geological  Survey.  The  use  of 
this  method  is  limited  to  special  conditions  where  it  is  impracticable 
to  use  the  current  meter,  such  as  in  places  where  large  quantities  of 
ice  or  debris  which  may  damage  the  meter  are  flowing  with  the  cur- 
rent, and  for  miscellaneous  measurements  or  other  work  where  a 
high  degree  of  accuracy  is  not  necessary.  Tube  floats  are  very  satis- 
factory for  use  in  canals  with  regular  bottoms  and  even  flow  of  cur- 
rent. Measurements  by  the  float  method  are  made  as  follows: 
The  velocity  of  flow  of  the  stream  is  obtained  by  observing  the  time 
which  it  takes  floats  set  free  at  different  points  across  the  stream 
to  pass  between  two  range  lines  about  200  feet  apart.  The  area 
used  is  the  mean  value  obtained  from  several  cross  sectioms  neasured 
between  the  two  range  lines.  The  chief  disadvantages  of  this  method 
are  difficulty  in  obtaining  the  correct  value  of  mean  area  for  the 
course  used  and  uncertainty  regarding  the  proper  coefficient  to  apply 
to  the  observed  velocity.® 

The  Price  current  meter  is  now  used  almost  to  the  exclusion  of 
other  types  of  meters  by  the  United  States  Geological  Survey  in  the 
determination  of  the  velocity  of  flow  of  water  in  open  channels,  a 
use  for  which  it  is  adapted  under  practically  all  conditions.* 

Plate  II  shows  in  the  center  the  new  type  of  penta-recording  current 
meter  equipped  for  measurements  at  bridge  and  cable  stations;  on  the 
left  the  same  type  of  meter  is  shown  equipped  for  wading  meas- 
urements, to  record  by  the  acoustic  method;  on  the  right  the  meter 
is  shown  equipped  to  record  electrically.  (See  PI.  I,  B,)  Briefly, 
the  meter  consists  of  six  cups  attached  to  a  vertical  shaft  which 
revolves  on  a  conical  hardened  steel  point  when  immersed  in  mov- 
ing water.  The  revolutions  are  indicated  electrically.  The  rating, 
or  relation  between  the  velocity  of  moving  water  and  the  revolutions 
of  the  wheel,  is  determined  for  each  meter  by  drawing  it  through 
still  water  for  a  given  distance  at  different  speeds  and  noting  the 
number  of  revolutions  for  each  run.     From  these  data  a  rating  table 

•Further  information  regarding  the  float  method  is  given  in  Water-Supply  Paper  95  and  the  various 
textbooks  on  stream  flow. 

5  See  Hoyt,  J.  C,  and  others,  Use  and  care  of  the  current  meter  as  practiced  by  theXJ.  8.  OeologicaL 
Survey:  Trans.  Am.  Soc  Civil  Eng.,  vol.  66, 1910,  p.  70. 
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is  prepared  which  gives  the  velocity-  per  second  of  moving  water  for 
any  number  of  revolutions  in  a  given  time  interval.  The  ratio  of 
revolutions  per  second  to  velocity  of  flow  in  feet  per  second  is  very 
nearly  a  constant  for  all  speeds  and  is  approximately  0.45. 

Three  classes  of  methods  of  measuring  velocity  with  current  meters 
are  in  general  use — multiple-point,  single-point,  and  integration. 

The  two  principal  multiple-point  methods  in  general  use  are  the 
vertical  velocity  curve  and  0.2  and  0.8  depth. 

In  the  vertical  velocity  curve  method  a  series  of  velocity  determi- 
nations is  made  in  each  vertical  at  regular  intervals,  usually  about 
10  to  20  per  cent  of  the  depth  apart.  By  plotting  these  velocities  as 
abscissas  and  their  depths  as  ordiiiates  and  drawing  a  smooth  curve 
among  the  resulting  points,  the  vertical  velocity  curve  is  developed. 
This  curve  shows  graphically  the  magnitude  and  changes  in  velocity 
from  the  surface  to  the  bottom  of  the  stream.  The  mean  velocity 
in  the  vertical  is  then  obtained  by  dividing  the  area  bounded  by 
this  velocity  curve  and  its  axis  by  the  depth.  This  method  of  obtain- 
ing the  mean  velocity  in  the  vertical  is  probably  the  best  known,' 
but  on  account  of  the  length  of  time  required  to  make  a  complete 
measurement  its  use  is  largely  limited  to  the  determination  of  coef- 
ficients for  purposes  of  comparison  and  to  measurements  under  ice. 

In  the  second  multiple-point  method  tlie  motor  is  held  successively 
at  0.2  and  0.8  depth,  and  the  mean  of  the  velocities  at  these  two  points 
is  taken  as  the  mean  velocity  for  that  vertical.  (See  PI.  I,  A,)  On 
the  assumption  that  the  vertical  velocity  curve  is  a  common  parabola 
with  horizontal  axis,  the  mean  of  the  velocities  at  0.22  and  0.79  depth 
will  give  (closely)  the  mean  velocity  in  tlie  vortical.  Actual  observa- 
tions under  a  wide  range  of  conditions  show  that  tliis  multiple-point 
method  gives  the  mean  velocity  very  closely  for  open- water  condi- 
tions and  that  in  a  completed  measurement  it  seldom  varies  as  much 
as  1  per  cent  from  the  value  given  by  the  vertical  velocity  curve 
method.  Moreover,  the  indications  are  that  it  holds  nearly  as  well 
for  ice-covered  rivers.  It  is  very  extensively  used  in  the  regular 
practice  of  the  United  States  Geological  Survey. 

The  single-point  method  consists  in  holding  the  meter  either  at 
the  depth  of  the  thread  of  mean  velocity  or  at  an  arbitrary  depth 
for  which  the  coefficient  for  reducing  to  mean  velocity  has  been 
determined  or  must  be  assumed. 

Extensive  experiments  by  means  of  vertical  velocity  curves  show 
that  the  thread  of  mean  velocity  generally  occurs  between  0.5  and 
0.7  total  depth.  In  general  practice  the  thread  of  mean  velocity  is 
considered  to  be  at  0.6  depth,  and  at  tliis  point  the  meter  is  held  in 
most  of  the  measurements  made  by  the  single-point  method.  A 
large  number  of  vertical  velocity  curve  measurements,  taken  on 
many  streams  and  under  varying  conditions,  show  that  the  average 
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coefficient  for  reducing  the  velocity  obtained  at  0.6  depth  to  mean 
velocity  is  practically  unity.  The  variation  of  the  coefficient  from 
unity  in  individual  cases  is,  however,  greater  than  in  the  0.2  and  0.8 
method  and  the  general  results  are  not  as  satisfactory. 

In  the  other  principal  single-point  method  the  meter  is  held  near 
the  surface,  usually  1  foot  below,  or  low  enough  to  be  out  of  the  effect 
of  the  wind  or  other  disturbing  influences.  This  is  known  as  the  sub- 
surface method.  The  coefficient  for  reducing  the  velocity  taken  at 
the  subsurface  to  the  mean  has  been  found  to  be  in  general  from 
about  0.85  to  0.95,  depending  on  the  stage,  velocity,  and  channel 
conditions.  The  higher  the  stage  the  larger  the  coefficient.  This 
method  is  especially  adapted  for  flood  measurements,  or  when  the 
velocity  is  so  great  that  the  meter  can  not  be  kept  in  the  correct 
position  for  the  other  methods. 

The  vertical  integration  method  consists  in  moving  the  meter  at  a 
slow,  uniform  speed  from  the  surface  to  the  bottom  and  back  agaiQ 
to  the  surface  and  noting  the  number  of  revolutions  and  the  time 
taken  in  the  operation.  This  method  has  the  advantage  that  the 
velocity  at  each  point  of  the  vertical  is  measured  twice.  It  is  useful 
as  a  check  on  the  point  methods.  In  using  the  Price  meter  great 
care  should  be  taken  that  the  vertical  movement  of  the  meter  is  not 
rapid  enough  to  vitiate  the  accuracy  of  the  resulting  velocity. 

The  determination  of  the  flow  of  an  ice-covered  stream  is  difficult, 
owing  to  diversity  and  instabiUty  of  conditions  during  the  winter 
period  and  also  to  lack  of  definite  information  in  regard  to  the  laws  of 
flow  of  water  under  ice.  The  method  now  employed  is  to  make  fre- 
quent discharge  measurements  during  the  frozen  periods  by  the  0.2 
and  0.8  and  the  vertical  velocity  curve  methods,  and  to  keep  an 
accurate  record  of  the  conditions,  such  as  the  gage  height  to  the  sur- 
face of  the  water  as  it  rises  in  a  hole  cut  in  the  ice,  and  the  thickness 
and  character  of  the  ice.  From  these  data  an  approximate  estimate 
of  the  daily  flow  can  be  made  by  constructing  a  rating  curve  (really 
a  series  of  curves)  similar  to  that  used  for  open  channels,  but  consid- 
ering, in  addition  to  gage  heights  and  discharge,  the  varying  thick- 
ness of  ice.* 

OFFICE     METHODS     OF     COMPUTING     AND     STUDYING     DISCHARGE     AJfD 

RUN-OFF. 

At  the  end  of  each  year  the  field  or  base  data  for  current-meter 
gaging  stations,  consisting  of  daily  gage  heights,  discharge  measure- 
ments, and  full  notes,  are  assembled.  The  measurements  are  plotted 
on  cross-section  paper  and  rating  curves  are  drawn  wherever  feasible. 
The  rating  tables  prepared  from  these  curves  are  then  applied  to 

9  For  intormation  in  regard  to  flow  under  Ice  cover  see  Water-Supply  Paper  U.  S.  Geol.  Survey  No.  187, 

Digitized  by  LjOOQIC 


20  SURFACE   WATER  SUPPLY,   1909,   PART  VTI. 

the  tables  of  daily  gage  heights  to  obtain  the  daily  discharges,  and 
from  these  applications  the  tables  of  monthly  discharge  and  nm-oflf 
are  computed. 

Rating  curves  are  dra>\Ti  and  studied  with  special  reference  to 
the  class  of  channel  conditions  which  they  represent.  (See  p.  17.). 
The  discharge  measurements  for  all  classes  of  stations  when  plotted 
with  gage  heights  in  feet  as  ordinates  and  discharges  in  second-feet 
as  abscissas  define  rating  curves  which  are  generally  more  or  less 
parabolic  in  form.  In  many  cases  curves  of  area  in  square  feet  and 
mean  velocity  in  feet  per  second  are  also  constructed  to  the  same 
scale  of  ordinates  as  the  discharge  cui-ve.  These  arq  used  mainly 
to  extend  the  discharge  curves  beyond  the  limits  of  the  plotted  dis- 
charge measurements,  and  for  checking  purposes  to  avoid  errors  in 
the  form  of  the  discharge  curve  and  to  determine  and  eliminate 
erroneous  measurements. 

For  every  rating  table  the  following  assumptions  are  made  for  the 
period  of  application  of  the  table:  (a)  That  the  discharge  is  a  func- 
tion of  and  increases  gradually  with  tlie  stage;  (b)  that  the  discharge 
is  the  same  whenever  the  stream  is  at  a  given  stage,  and  hence  such 
changes  in  conditions  of  flow  as  may  have  occurred  during  the  period 
of  application  are  either  compensating  or  negligible,  except  that  the 
rating  is  not  applicable  for  known  conditions  of  ice,  log  jams,  or 
other  similar  obstructions;  (c)  that  the  increased  and  decreased  dis- 
charge due  to  change  of  slope  on  rising  and  falling  stages  is  either 
negligible  or  compensating. 

As  already  stated,  the  gaging  stations  may  be  divided  into  several 
classes,  as  indicated  in  the  following  ])aragraphs: 

The  stations  of  class  1  represent  the  most  favorable  conditions  for 
an  accurate  rating  and  are  also  the  most  economical  to  maintain. 
The  bed  of  the  stream  is  usually  composed  of  rock,  and  is  not  subject 
to  the  deposit  of  sediment  and  loose  material.  This  class  includes 
also  many  stations  located  in  a  pool  below  whicli  is  a  permanent 
rocky  riflBe  that  controls- the  flow  like  a  weir.  Provided  the  control 
is  sufficiently  high  and  close  to  the  gage  to  prevent  cut  and  fill  at  the 
gaging  point  from  materially  afi'ecting  the  slope  of  the  water  surface, 
the  gage  height  will  for  all  practical  purposes  ba  a  true  index  of  the 
discharge.  Discharge  measurements  made  at  such  stations  usually 
plot  within  2  or  3  per  cent  of  the  mean-discharge  curve,  and  the  rating 
developed  from  that  curve  represents  a  very  high  degree  of  accuracy. 
For  examples  of  this  class  see  stations  of  the  north  Atlantic  coast 
drainage  basins. 

Class  2  is  confined  mainly  to  stations  on  rough,  mountainous 
streams  with  steep  slopes.  The  beds  of  such  streams  are  as  a  rule 
comparatively  permanent  during  low  and  medium  stages,  and  when 
the  flow  is  sufficiently  well  defined  by  an  adequate  number  of  dis- 
charge measurements  before  and  after  each  flood  the  stations  of  this 
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class  give  nearly  as  good  results  as  those  of  class  1.  As  it  is  seldom 
possible  to  make  measurements  covering  the  time  of  change  at  flood 
stage,  the  assumption  is  often  made  that  the  curves  before  and  after 
the  flood  converged  to  a  common  point  at  the  highest  gage  height 
recorded  during  the  flood.  Hence  the  only  uncertain  period  occurs 
during  the  few  days  of  highest  gage  heights  covering  the  period  of 
actual  change  in  conditioas  of  flow.  For  examples  of  this  class  see 
stations  in  the  upper  Missouri  River  basin. 

Class  3  includes  most  of  the  current-meter  gaging  stations  main- 
tained by  the  United  States  Geological  Survey.  If  suflScient  meas- 
urements could  be  made  at  stations  of  this  class,  results  would  be 
obtained  nearly  ecjualing  those  of  class  1,  but  owing  to  the  limited 
funds  at  the  disposal  of  the  Survey  this  is  manifestly  impossible,  nor 
is  it  necessary  for  the  uses  to  which  discharge  data  are  applied.  The 
critical  points  are,  as  a  rule,  at  relatively  high  or  low  stages.  The 
percentage  error,  however,  is  greater  at  low  stages.  No  absolute  rule 
can  be  laid  down  for  stations  of  this  class.  Each  rating  curve  must 
be"  constructed  mainly  on  the  basis  of  the  measurements  of  the  cur- 
rent year,  the  engineer  being  guided  largely  by  the  past  history  of  the 
station  and  the  following  general  law:  If  all  measurements  ever  made 
at  a  station  of  this  class  are  plotted  on  cross-section  paper,  they  will 
define  a  mean  curve  which  may  be  called  a  standard  curve.  It  has 
been  found  in  practice  that  if  after  a  change*  caused  by  high  stage  a 
relatively  constant  condition  of  flow  occurs  at  medium  and  low 
stages,  all  measurements  made  after  the  change  will  plot  on  a  smooth 
curve  which  is  practically  parallel  to  the  standard  curve  with  respect 
to  ordinates  or  gage  heights.  This  law  of  the  parallelism  of  ratings 
is  the  fundamental  basis  of  all  ratings  and  estimates  at  stations  with 
semipermanent  and  shifting  channels.  It  is  not  absolutely  correct, 
but,  with  few  exceptions,  answers  all  the  practical  requirements  of 
estimates  made  at  low  and  medium  stages  after  a  change  at  a  high 
stage.  This  law  appears  to  hold  equally  true  whether  the  change 
occurs  at  the  measuring  section  or  at  some  controlling  point  below. 
The  change  is,  of  course,  fundamentally  due  to  change  in  the  chan- 
nel caused  by  cut  or  fill,  or  both,  at  or  near  the  measuring  section. 
For  all  except  small  streams  the  changes  in  section  usually  occur  at 
the  bottom.  The  following  simple  but  typical  examples  illustrate 
this  law: 

(a)  If  0.5  foot  of  planking  were  to  be  nailed  on  the  bottom  of  a  well- 
rated  wooden  flume  of  rectangular  section,  there  would  result,  other 
conditions  of  flow  being  equal,  new  curves  of  discharge,  area,  and 
velocity,  each  plotting  0.5  foot  above  the  original  curves  when 
referred  to  the  original  gage.  In  other  words,  this  condition  would 
be  analogous  to  a  uniform  fill  or  cut  in  a  river  channel  which  either 
reduces  or  increases  all  tliree  values  of  discharge,  area,  and  velocity 
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for  any  gage  height.     In  practice,  however,  such  ideal  conditions 
rarely  exist. 

(b)  In  the  case  of  a  cut  or  fill  at  the  measuring  section,  there  is  a 
marked  tendency  toward  decrease  or  increase,  respectively,  of  the 
velocity.  In  other  words,  the  velocity  has  a  compensating  effect,  and 
if  the  compensation  is  exact  at  all  stages  the  discharge  at  a  given 
stage  will  be  the  same  under  both  the  new  and  the  old  conditions. 

(c)  In  the  case  of  uniform  change  along  the  crest  of  a  weir  or 
rocky  control,  the  area  curve  will  remain  the  same  as  before  the 
change,  arid  it  can  be  shown  that  here  again  the  change  in  velocity 
curve  is  such  that  it  will  produce  a  new  discharge  curve  essentially 
parallel  to  the  original  discharge  curve  with  '  respect  to  their 
ordinates. 

Of  course  in  actual  practice  such  simple  changes  of  section  do  not 
occur.  The  changes  are  complicated  and  lack  uniformity,  a  cut  at 
one  place  being  largely  offset  by  a  fill  at  another,  and  vice  versa. 
If  these  changes  are  very  radical  and  involve  lai^e  percentages  of 
the  total  area — as,  for  example,  on  small  streams — there  may  result 
a  wide  departure  from  the  law  of  parallelism  of  ratings.  In  com- 
plicated changas  of  section  tlie  corresponding  changes  in  velocity 
which  tend  to  produce  a  new  parallel  discharge  curve  may  interfere 
with  each  other  materially,  causing  eddies,  boils,  backwater,  and 
radical  changes  in  slope.  In  such  extreme  conditions,  however,  the 
measuring  section  would  more  properly  fall  under  class  4  and  would 
require  very  frequent  measurements  of  discharge.  Special  stress  is 
laid  on  the  fact  that  in  the  lack  of  other  data  to  the  contrary  the 
utilization  of  this  law  will  yield  the  most  probable  results. 

Slight  changes  at  low  or  medium  stages  of  an  oscillating  character 
are  usually  averaged  by  a  mean  curve  dra\vn  among  them  parallel 
to  the  standard  curve,  and  if  the  individual  measurements  do  not 
vary  more  than  5  per  cent  from  the  rating  curve  the  results  are 
considered  good  for  stations  of  this  class. 

For  examples  of  stations  of  this  class  see  stations  of  the  south 
Atlantic  coast  and  eastern  Gulf  of  Mexico  drainage  basins. 

Class  4  comprises  stations  that  have  soft,  muddy,  or  sandy  beds. 
Good  results  can  be  obtained  from  such  sections  only  by  frequent 
discharge  measurements,  the  frequency  varying  from  a  measure- 
ment every  two  or  three  weeks  to  a  measurement  every  day,  accord- 
ing to  the  rate  of  diurnal  change  in  conditions  of  flow.  The  following 
graphic  method  of  determining  the  daily  discharge  of  streams  of  this 
class  is  now  used  by  the  engineers  of  the  United  States  Geological 
Survey  almost  exclusively,  owing  to  the  rapidity  with  which  the  com- 
putations can  be  made,  the  clearness  with  which  changes  in  conditions 
of  flow  can  be  followed,  and  the  accuracy  of  the  results  obtained. 
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In  the  graphic  method  of  determining  the  daily  discharge  of  streams 
with  changeable  beds,  which  was  devised  by  R.  H.  Bolster,  the  dis- 
charge measurements  for  the  entire  3'^ear  are  first  plotted  with  dis- 
charges as  abscissas  and  gage  heights  as  ordinates.  The  points  so 
plotted  are  considered  chronologically  and,  even  though  scattered, 
will  usually  locate  one  or  more  fairly  well-defined  curves,  called 
standard  curves.  (See  fig.  1.)  In  general  the  number  and  position 
of  these  standard  curves  is  determined  by  the  radical  changes  in  the 
stream  bed  due  to  floods. 

When  stream  beds  change  very  rapidly  it  is  necessary  to  change 
the  position  of  the  rating  curve  daily,  making  a  new  curve  for  each 
day.  This  daily  cui-ve  is  of  the  sanie  form  as  the  standard  curve  and 
is  parallel  to  it  with  respect  to  ordinates.  The  rating  curve  for  a  day 
when  a  measurement  is  made  passes  through  such  plotted  measure- 
ment, the  discharge  for  that  day  being  read  ofl*  from  the  scale  of  dis- 
charge in  second-feet,  at  the  point  of  intersection  of  the  curve  and  the 
mean  gage  height  for  the  day.  In  order  to  locate  the  rating  curve 
for  other  days,  lines  are  drawn  connecting  consecutive  measurements. 
These  lines  are  called  correction  curves  and  should  have  the  same 
curvature  as  that  portion  of  the  standard  curve  which  lies  vertically 
above  or  below  them.  These  lines  are  divided  into  as  many  equal 
parts  as  thsre  are  days  intervening  between  the  measurements,  on 
the  assumption  that  the  change  in  conditions  of  flow  between  any 
two  consecutive  measurements  is  uniform  from  day  to  day.  The  daily 
rating  curve  will  then  pass  through  these  points  of  division,  and  the 
discharge  is  read  directly  from  these  curves  at  their  point  of  inter- 
section with  the  observed  daily  gage  heights. 

To  facilitate  the  use  of  the  method  and  obviate  the  use  of  daily 
rating  curves,  and  to  make  it  as  rapid  in  application  as  the  conmion 
method  for  permanent  stations,  the  standard  curve  or  curves,  to- 
gether with  a  vertical  line  of  reference,  should  be  transferred  from 
the  original  station  sheet  to  tracing  cloth,  which  can  be  readily  shifted 
vertically  to  any  desired  position  by  always  keeping  the  two  vertical 
reference  lines  in  coincidence.  Thus  the  daily  rating  curve,  which  is 
merely  the  standard  curve  transferred,  can  be  placed  in  any  desired 
position. 

Another  way  of  simplifying  the  work  of  applying  this  method  is  to 
use  dividers.  Always  keep  one  point  of  the  dividers  coincident  with 
the  standard  curve  and  always  keep  both  points  on  the  same  vertical 
line  of  discharge.  By  spreading  the  points,  the  point  which  is  not 
coincident  with  the  standard  curve  can  be  made  to  trace  any  daily 
rating  curve  desired. 

In  applying  and  modifying  this  method,  judgment  must  be  used 
for  long-time  intervals  of  no  measurements  or  for  radical  changes  in 
the  stream  bed  caused  by  sudden  floods.     The  following  tables  and 
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figure  1  illustrate  the  Bolster  or  graphic  method  of  obtaining  daily 
dischai^e: 

List  of  measurements  to  illustrate  graphic  method  of  determining  daily  discharge. 


No. 


Date. 


i  Oaee 
height. 


t  Feet. 

Junel 2.55 

June  6 t  .55 

Junel4 1.4 

June22 '  1.2 

July2 1.5 


DIs- 
charf^. 


8ee.:fL 

3,700 

500 

1,200 

600 

500 


No. 


Date. 


July  18 
July  20 
July  22 
July  31 


Ga«e 
height 


Feet. 

3.8 

2.2 

.4 

.9 


Dis- 
charge. 


See.-ft 

6.460 

2.330 

200 

150 


Daily  gage  heights  and  discharges  to  illustrate  graphic  method  of  determining  daily  discharge. 


June. 

July.            j 

Day. 

June. 

July. 

Day. 

hel^t. 

Dis- 
charge. 

Gace 
height. 

1 
Dis-     , 
charge. 

heSl 

Dia. 
charge. 

hei^t 

Dis- 
charge. 

1 

FeH. 
3.0 
2.5 
2.0 
1.5 
1.0 

.4 

.6 
.6 
.7 
.8 

1.0 
1.5 
1.4 
1.4 
1.3 

Sec.-fL 
i,m 
3,580 
2,490 
1,610 
980 

390 
510 
490 
550 
620 

800 
1,400 
1,240 
1,200 
1,020 

FeeL 
1.6 
1.5 
1.5 
1.6 
1.6 

1.8 
1.7 
1.7 
1.9 
2.0 

2.2 
2.6 
3.0 
3.6 
3.7 

500  ' 
570 

16 

FeH. 
1.1 
1.0 
1.0 
1.1 
1.2 

1.2 
1.3 
1.5 
1.8 
1.7 

1.6 
1.6 
1.6 
1.6 
1.6 

8ee.-ft. 
760 
620 
580 
640 
090 

660 
090 
850 
1,170 
990 

830 
780 
740 
700 
660 

Feet. 
3.5 
8.2 
8.7 
4.0 
3.0 

1.8 
.8 
.3 
.3 
.4 

.4 

.6 
.7 
.8 

See.'fl. 
5.370 

2 

17    

4  610 

3 

18 

6,160 
7,080 
4,160 

1,640 
480 

4 

730 

19         

5 

780 
1,050 

20 

6 

21 

7 

970 
1,020  1 
1,320 
1,510  1 

1,890 
2,720 
3,700 

22 

8 

23     

120 

9 

24::::::::::::::: 

100 

10 

25    .. 

110 

11 

26 

90 

12 

27     

130 

13 

28 

150 

14 

5.440 
5,860 

29             

170 

15 

30 

180 

31 

200 

The  computations  have,  as  a  rule,  been  carried  to  three  signifi- 
cant figures.  Computation  machuies,  Crelle's  tables,  and  the  20-inch 
slide  rule  have  been  generally  used.  All  computations  are  carefully 
checked. 

After  the  computations  have  been  completed  they  are  entered  in 
tables  and  carefully  studied  and  intercompared  to  eliminate  or 
account  for  all  gross  errors  so  far  as  possible.  Missing  periods  are 
filled  in,  so  far  as  feasible,  by  means  of  comparison  with  adjacent 
streams.  The  attempt  is  made  to  complete  years  or  periods  of  dis- 
charge, thus  eliminating  fragmentary  and  disjointed  records.  Full 
notes  accompanying  such  estimates  follow  the  monthly  discharge 
tables. 

For  most  of  the  northern  stations  estimates  have  been  made  of 
the  monthly  discharge  during  frozen  periods.  These  are  based  on 
measurements  under  ice  conditions  whenever  available,  daily  records 
of  temperature  and  precipitation  obtained  from  the  United  States 
Weather  Bureau  climate  and  crop  reports,  observers'  notes  of  con- 
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ditions,  and  a  careful  and  thorough  intercomparison  of  results  with 
adjacent  streams.  Although  every  care  possible  is  used  in  making 
these  estimates,  they  are  often  very  rough,  the  data  for  some  of  them 
being  so  poor  that  the  estimates  are  liable  to  as  much  as  25  to  50 
per  cent  error.  It  is  believed,  however,  that  estimates  of  this  char- 
acter are  better  than  none  at  all,  and  serve  the  purpose  of  indicating 
in  a  relative  way  the  proportionate  amount  of  flow  during  the  frozen 
period.  These  estimates  are,  as  a  rule,  included  in  the  annual  dis- 
charge. The  large  error  of  the  individual  months  has  a  relatively 
small  effect  on  the  annual  total,  .and  it  is  for  many  purposes  desir- 
able to  have  the  yearly  discharge  computed  even  though  some  error 
is  involved  in  doing  so. 

ACCURACY   AND   RELIABILITY   OF   FIELD   DATA    AND   COMPARATIVE 

RESULTS. 

Practically  all  discharge  measurements  made  under  fair  conditions 
are  well  within  5  per  cent  of  the  true  discharge  at  the  time  of  obser- 
vation. Inasmuch  as  the  errors  of  meter  measurements  are  largely 
compensating,  the  mean  rating  curve,  when  well  defined,  is  much 
more  accurate  than  the  individual  measurements.  Numerous  tests 
and  experiments  have  been  made  to  test  the  accuracy  of  current- 
meter  work.  These  show  that  it  compares  very  favorably  with  the 
results  from  standard  weirs,  and,  owing  to  simpUcity  of  methods, 
usually  give  results  that  are  much  more  reliable  than  those  from 
stations  at  dams,  where  uncertainty  regarding  the  coeflScient  and 
complicated  conditions  of  flow  prevail. 

The  work  is,  of  course,  dependent  on  the  reliabiUty  of  the  observers. 
With  relatively  few  exceptions,  the  observers  perform  their  work 
honestly.  Care  is  taken,  however,  to  watch  them  closely  and  to 
inquire  into  any  discrepancies.  It  is,  of  course,  obvious  that  one 
gage  reading  a  day  does  not  always  give  the  mean  height  for  that 
day.  As  an  almost  invariable  rule,  however,  errors  from  this  source 
are  compensating  and  virtually  negligible  in  a  period  of  one  month, 
although  a  single  day's  reading  may,  when  taken  by  itself,  be  con- 
siderably in  error. 

The  effort  is  made  to  visit  every  station  at  least  once  each  year  for 
the  purpose  of  making  a  measurement  to  determine  the  constancy  of 
conditions  of  flow  since  the  last  measurement  made  during  the  pre- 
ceding year,  and  also  to  check  the  elevation  of  the  gage.  On  account 
of  lack  of  funds  or  for  other  causes,  some  stations  were  not  visited 
during  the  current  year.  If  conditions  of  flow  have  been  reasonably 
permanent  up  to  the  time  of  tlie  last  preceding  measurement,  it  is 
considered  best  to  publish  values  of  discharge  on  the  basis  of  the 
latest  verified   rating  curve  rather  than  to  omit  them  altogether, 
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although  it  should  be  distinctly  understood  that  such  records  are  at 
times  subject  to  considerable  error.  This  is  also  true,  although  to  a 
less  degree,  of  the  period  of  records  since  the  date  of  the  last  measure- 
ment of  the  current  year.  As  a  rule  the  accuracy  notes  are  based  on 
tiie  assumption  that  tlie  rating  curve  used  is  strictly  appUcable  to  the 
current  year. 

In  order  to  give  engineers  and  others  information  regarding  the 
probable  accuracy  of  the  computed  results,  footnotes  are  added  to  the 
daily  discharge  tables,  stating  the  probable  accuracy  of  the  rating 
tables  used,  and  an  accuracy  column  in  inserted  in  the  montlily  dis- 
charge table.  For  the  rating  tables  ''well  defined''  indicates  in  gen- 
eral that  the  rating  is  probably  accurate  within  5  per  cent;  '* fairly 
well  defined, ''  within  10  per  cent;  ''poorly  defined''  or  ''approxi- 
mate," with'm  15  to  25  per  cent.  These  notes  are  very  general  and 
are  based  on  the  plotting  of  the  individual  measurements  with  refer- 
ence to  the  mean  rating  curve. 

The  accuracy  column  in  the  montlily  discharge  table  does  not  apply 
to  the  maximum  or  minimum  nor  to  any  individual  day,  but  to  the 
monthly  mean.  It  is  based  on  the  accuracy  of  tlie  rating,  the  prob- 
able reliabiUty  of  the  observer,  and  knowledge  of  local  conditions.  In 
this  colmnn,  A  indicates  that  the  mean  monthly  flow  is  probably 
accurate  within  5  per  cent;  B,  within  10  per  cent;  C,  within  15  per 
cent;  D,  within  25  per  cent.  Special  conditions  are  covered  by  foot- 
notes. 

USE   OF  THE   DATA. 

In  general  the  policy  is  followed  of  making  available  for  the  public 
the  base  data  which  are  collected  in  the  field  each  year  by  the  survey 
engineers.  This  is  done  to  comply  with  the  law,  but  also  for  the 
express  purpose  of  giving  to  any  engineer  the  opportunity  of  examin- 
ing the  computed  results  and  of  changing  and  adjusting  them  as  may 
seem,  best  to  him.  Although  it  is  believed  that  the  rating  tables  and 
computed  monthly  discharges  are  as  good  as  the  base  data  up  to  and 
including  the  current  year  will  warrant,  it  should  always  be  borne 
in  mind  that  the  additional  data  collected  at  each  station  from  year 
to  year  nearly  always  throw  new  light  on  data  already  collected  and 
published,  and  hence. allow  more  or  less  improvement  in  the  com- 
puted results  of  earlier  years.  It  is  therefore  expected  that  the 
engineer  who  makes  serious  use  of  the  data  given  in  these  papers 
will  verify  all  ratings  and  make  such  adjustments  in  earlier  years  as 
may  seem  necessary.  The  work  of  compiling,  studying,  revising,  and 
republishing  data  for  different  drainage  basins  for  five  or  ten  year 
periods  or  more  is  carried  on  by  the  Unitexl  States  Geological  Survey 
so  far  as  the  fimds  for  such  work  aro  available. 
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The  values  in  the  table  of  monthly  discharge  are  so  arranged  as  to 
give  only  a  general  idea  of  the  conditions  of  flow  at  the  station,  and  it 
is  not  expected  that  they  will  be  used  for  other  than  preliminary 
estimates. 

The  daily  discharges  are  pubUshed  to  allow  a  more  detailed  study 
of  the  variation  in  flow  and  to  determine  tlie  periods  of  deficient  flow. 

CXX)PERATIVE   DATA. 

Cooperative  data  of  various  kinds  and  also  data  regarding  the 
run-off  at  many  stations  maintained  wholly  by  private  funds  are  in- 
corporated m  the  surface  water-supply  reports  of  the  United  States 
Geological  Survey. 

Many  stations  tliroughout  the  coimtry  are  maintained  for  specific 
purposes  by  private  parties  who  supply  the  records  gratuitously  to 
the  United  States  Geological  Survey  for  publication.  When  such 
records  are  suppUed  by  responsible  parties  and  appear  to  be  reason- 
ably accurate  they  are  verified,  so  far  as  possible,  and  estimated 
values  of  accuracy  are  given.  Records  clearly  known  to  be  worthless 
or  misleading  are  not  published.  As  it  is,  however,  impossible  to 
completely  verify  all  such  records  furnished^ — because  of  lack  of  funds 
or  for  otlier  causes — they  are  published  for  what  they  are  worth,  as 
they  are  of  value  as  a  matter  of  record  and  afford  at  least  approxi- 
mate information  regarding  stream  flow  at  the  particular  locaHties. 
The  Survey  does  not,  however,  assume  any  responsibility  for  inac- 
curacies found  in  such  records,  Although  most  of  them  are  believed 
to  be  reasonably  good. 
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by  the  legislature  for  tlie  whole  Territory  and  from  other  funds  per- 
taining to  liis  office. 

The  Atchison,  Topeka  &  Santa  Fe  Railway  Company  donated 
$1,000  to  New  Mexico,  to  be  spent  in  cooperation  with  the  United 
States  Geological  Survey  in  the  Territory  during  1909. 

Prof.  George  J.  Lyon,  of  Colorado  College,  furnished  his  services  as 
hydrographer  gratis  for  a  number  of  weeks  during  the  year. 
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The  Tallahatchie  drainage  commission  bore  the  expense  of  gage 
observers  in  the  Yazoo  River  drainage. basin,  also  for  a  part  of  the 
discharge  measurements. 

The  State  geologist  of  Arkansas,  A.  H.  Purdue,  maintained  several 
stations  in  the  White  River  drainage  basin,  the  results  being  pub- 
lished by  the  United  States  Geological  Survey. 

Thanks  are  also  due  to  the  United  States  Weather  Bureau,  the 
A.  L.  Register  Co.,  R.  F.  Proctor,  F.  H.  Whiting,  A.  A.  Weiland,  and 
all  other  persons  and  companies  who  have  rendered  assistance. 

DIVISION  OF   WORK. 

The  field  data  in  the  Arkansas  River  drainage  basin  were  collected 
under  the  direction  of  W.  B.  Freeman,  district  engineer,  by  J.  B. 
Stewart,  G.  H.  Russell,  and  George  F.  Lyon. 

The  field  data  in  the  Canadian  River  drainage  basin  were  collected 
under  the  general  direction  of  W.  B.  Freeman,  district  engineer, 
by  J.  B.  Stewart,  but  under  the  more  immediate  supervision  of  Vernon 
T.  Sullivan,  territorial  engineer,  by  C.  D.  Miller  and  W.  H.  Sutton. 

The  field  data  for  the  Yazoo  River  drainage  basin  were  collected 
imder  the  direction  of  M.  R.  Hall,  district  engineer,  by  W.  A.  Lamb 
and  E.  H.  Swett. 

The  field  data  in  the  White  River  drainage  basin  were  collected 
under  the  direction  of  A.  H.  Horton,  district  engineer,  by  W.  N. 
Gladson. 

The  ratings  were  made  by  W.  B.  Freeman,  M.  R.  Hall,  and  R.  H. 
Bolster.  The  computations  were  made  and  the  completed  data  pre- 
pared for  publication  under  tlie  direction  of  R.  H.  Bolster,  assistant 
engineer,  by  G.  C.  Stevens,  R.  C.  Rice,  J.  G.  Mathers,  M.  I.  Walters, 
M.  E.  McChristie,  and  L.  T.  King.  The  manuscript  was  edited  by 
Mrs.  B.  D.  Wood. 

GAGING      STATIONS      MAINTAINED      IN      THE      LOWER 
MISSISSIPPI  RIVER  BASIN. 

The  following  is  a  list  of  gaging  stations  maintained  in  the  lower 
Mississippi  River  drainage  basin  by  the  United  States  Geological 
Survey  and  cooperative  parties.  The  stations  are  arranged  by  river 
basins,  in  downstream  order,  as  explained  on  page  11,  tributaries 
being  indicated  by  indention.  Data  for  these  stations  have  been 
published  in  the  reports  Us  ted  on  page  9. 

MERAMEC   RIVEB   BASIN. 

Meramec  River  near  Meramec,  Mo.,  1903-1906. 
Meramec  River  near  Eureka,  Mo.,  1903-1906. 
Meiamec  River  (Station  No.  1)  at  Fenton,  Mo.,  1903. 
Meramec  River  (Station  No.  2)  below  Fenton,  Mo.,  1903. 

Meramec  Spring  near  Meramec,  Mo.,  1903-1906. 

Courtoifl  Creek  at  Scotia,  Mo.,  190&-6. 
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WHITE  RIVER   BASIN. 

White  River  at  Beaver,  Ark.,  1909. 
White  River  near  Branson,  Mo.,  1909. 
White  River  near  Lead  Hill,  Ark.,  1909. 
White  River  near  Cotter,  Ark.,  1909. 
White  River  at  Walls  Ferry,  Ark.,  1909. 

Buffalo  River  near  Gilbert,  Ark.,  1909. 

North  Fork  River  near  Henderson,  Ark.,  1909. 

Greer  Spring  at  Greer,  Mo.,  1904. 

Little  Red  River  near  Pangbum,  Ark.,  1909. 

ARKANSAS   RIVER  BASIN. 

Arkansas  River  near  Granite,  Colo.,  1895,  1897-1899,  1901. 

Arkansas  River  near  Salida,  Colo.,  1895-1903. 

Arkansas  River  at  Canon  City,  Colo.,  1888-1909. 

Arkansas  River  near  Rock  Canyon,  Colo.,  1889. 

•Arkansas  River  above  Pueblo,  Colo.,  1885-1887. 

Arkansas  River  at  Pueblo,  Colo.,  1894-1909. 

Arkansas  River  near  Nepesta,  Colo.,  1897-1903. 

Arkansas  River  near  Manzanola,  Colo.,  1898. 

Arkansas  River  near  Rocky  Ford,  Colo.,  1897-1903. 

Arkansas  River  at  Ij&  Junta,  Colo.,  1889,  1893-1895,  1903,  1908. 

Arkansas  River  near  Las  Animas,  Colo.,  1898. 

Arkansas  River  near  Prowers,  Colo.,  1900,  1901,  1903. 

Arkansas  River  near  Amity  canal  head-gates,  Colo.,  1898-99. 

Arkansas  River  near  Granada,  1898-1901,  1904. 

Arkansas  River  near  Barton  (Byron),  Colo.,  1893-94,  1901-2. 

Arkansas  River  at  Holly,  Colo.,  1907-1909. 

Arkansas  River  near  Syracuse,  Kans.,  1903-1906. 

Arkansas  River  near  Coolidge,  Kans.,  1903. 

Arkansas  River  near  Dodge,  Kans.,  1902-1906. 

Arkansas  River  near  Hutchinson,  Kans.,  1895-1905. 

Arkansas  River  near  Arkansas  City,  Kans.,  1902-1906. 

Arkansas  River,  East  Fork,  near  Leadville,  Colo.,  1890,  1903. 

Arkansas  River,  Tennessee  Fork,  near  Leadville,  Colo.,  1890,  1903. 

Arkansas  River,  Lake  Fork,  near  Arkansas  Junction,  Colo.,  1903. 

Arkansas  River,  Lake  Fork,  near  Leadville,  Colo.,  1890. 

Lake  Creek  near  Twin  Lakes,  Colo.,  1899-1900. 

Clear  Creek  near  Granite,  Colo.,  1890. 

Cottonwood  Creek: 

Cottonwood  Creek,  Middle  Fork,  near  Buena  Vista,  Colo.,  1890. 
Cottonwood  Creek,  South  Fork,  near  Buena  Vista,  Colo.,  1890. 

Grape  Creek  near  Canon  City,  Colo.,  1907-1909. 

Huerfano  River  near  Undercliffe,  Colo.,  1908. 
Cucharas  River  at  Walsenburg,  Colo.,  1907-8. 

Purgatory  River  at  Trinidad,  Colo.,  1896-1899,  1905-1909. 

Purgatory  River  near  Canon  Entrance  (Alfalfa),  Colo.,  1905-1907. 

Purgatory  River  near  J.  J.  ranch,  Colo.,  1898. 

Purgatory  River  near  Las  Animas,  Colo.,  1889. 

Walnut  River  near  Arkansas  City,  Kans.,  1902-3. 

Arkansas  River,  Salt  Fork,  near  Alva,  Okla.,  1904-6. 

Arkansas  River,  Salt  Fork,  near  Tonkawa,  Okla.,  1903-5, 
Medicine  River  near  Kiowa,  Kans.,  1895-96, 
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Cimarron  River  near  Arkalon,  Kans.,  1895-96,  1903-1905. 
Cimarron  River  near  Kenton,  Okla.,  1904-5. 
Cimarron  River  near  Garrett,  Okla.,  1905-1907. 
Cimarron  River  near  Waynoka,  Okla.,  1903-1905. 
Verdigris  River  near  Independence,  Kans.,  1904. 
Verdigris  River  near  Liberty,  Kans.,  1895-1903. 
Verdigris  River  near  Catoosa,  Okla.,  1903-1905. 

Fall  River  near  Fall  River,  Kans.,  1904-5. 
Neosho  River  near  Neosho  Rapids,  Kans.,  1904. 
Neosho  River  near  lola,  Kans.,  1895-1903. 
Neosho  River  near  Humboldt,  Kans.,  1904. 

Neosho  River  (or  Grand  River)  near  Fort  Gibson,  Okla.,  1899,  1903-1905. 
Canadian  River  near  Logan,  N.  Mex.,  1905,  1909. 
Canadian  River  at  Calvin,  Okla.,  1904-1908. 

Cimarron  River  at  Ute  Park,  N.  Mex.,  1907-1909. 

Cimarron  River  at  Springer,  N.  Mex.,  1907-1909. 
Rayado  River  near  Rayado,  N.  Mex.,  1909. 
Rayado  River  near  Springer,  N.  Mex.,  1907-1909. 

Mora  River  at  La  Cueva,  N.  Mex.,  1903-1908. 

Mora  River  near  Weber,  N.  Mex.,  1903-4. 

Mora  River  near  Watrous,  N.  Mex.,  1894-1896. 
Sapello  River  at  Sapello,  N.  Mex.,  1903-4. 
Sapello  River  at  Los  Alamos,  N.  Mex.,  1903-1908. 
Sapello  Mill  tailrace  at  Sapello,  N.  Mex.,  1903-4. 
Manuelitos  River  near  Sapello,  N.  Mex.,  1903-4. 

Ute  Creek  near  Logan,  N.  Mex.,  1904-1906,  1909. 

Beaver  Creek  at  Beaver,  Okla.,  1904-5. 

Canadian  River,  North  Fork,  near  Woodward,  Okla.,  1903-1906. 

Canadian  River,  North  Fork,  near  El  Reno,  Okla.,  1902-1908. 

Canadian  River,  North  Fork,  near  Oklahoma,  Okla.,  1899. 

Canadian  River,  North  Fork,  near  Eufaula,  Okla.,  1899. 
Arkansas  River  canals: 

Oxford  Farmers  Canal  near  Nep^ta,  Colo.,  1903. 

Colorado- Kansas  Canal  near  Prowers,  Colo.,  1903. 

Keese  ditch  near  Prowers,  Colo.,  1903. 

YAZOO   RIVER   BASIN. 

Tallahatchie  River  at  Batesville,  Miss.,  1906-1909. 
Tallahatchie  River  at  Philipp,  Miss.,  190^9. 
Yazoo  River  at  Greenwood,  Miss.,  1908-9. 
Yazoo  River  at  Yazoo  City,  Miss.,  1900-1905. 

Cold  water  River  at  Savage,  Miss.,  1908-9. 

Yalobusha  River  at  Grenada,  Miss.,  1906,  1908-9. 

Sunflower  River  at  Ruleville,  Miss.,  1908-9. 

Sunflower  River  at  Baird,  Miss.,  1908-9. 

HOMOCHITTO  RIVER   BASIN. 

Homochitto  River  at  Rosetta,  Miss.,  1906. 

RED  RIVER   BASIN. 

Red  River  at  Arthur  City,  Tex.,  1905-6. 

Red  River,  gi^U  Fork,  at  Mangum,  Okla.,  1905-^, 

Turkey  Creek  at  Olustee,  Okla.,  1905-1908. 
Red  River^  North  Forlf,  near  Granite,  Qkla.,  1903-4908. 
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Red  River,  North  Fork,  near  Snyder,  Okla.,  1905. 
Red  River,  North  Fork,  near  Headrick,  Okla.,  1905-1908. 
Red  River,  Elm  Fork,  near  Mangum,  Okla.,  19a5-1908. 
Elk  Creek  near  Hobart,  Okla.,  1904-1908. 

Otter  Creek  near  Mountain  Park,  Okla.,  1903-1908. 

Horse  Creek  near  Mountain  Park,  Okla.,  1905-6. 

Otter  Creek,  Dry  Fork,  near  Mountain  Park,  Okla.,  1905-6. 
Washita  River  near  Anadarko,  Okla.,  1902-1908. 
Ouachita  River  near  Malvern,  Ark.,  1903-1905. 
Ouachita  River  near  Arkadelphia,  Ark.,  1905-6. 

WHITE    RIVER    DRAINAGE   BASIN. 

DESCRIPTION. 

White  River  rises  in  tlie  Boston  Mountains  near  the  western  border 
of  Arkansas,  nearly  50  miles  south  of  the  Arkansas-Missouri  line, 
flows  northward  into  Missouri,  then  bends  southeastward  and  re- 
enters Arkansas,  continuing  its  general  southeasteriy  course  to  the 
southeast  corner  of  Arkansas  County,  where  its  channel  divides,  one 
part  entering  Arkansas  River  and  the  other  Mississippi  River.  The 
natural  discliarge  of  White  River  is  into  the  Mississippi.  The  length 
of  the  river  from  its  source  to  its  mouth  is  about  300  miles  by  general 
course,  but  the  stream  is  very  crooked  and,  including  the  bends,,  it 
is  probably  not  less  than  400  miles  long. 

The  important  tributaries  from  the  north  are  North  Fork  of  White 
River,  Black  River,  and  Cache  River;  those  from  the  south  are  Kings 
River,  Buffalo  Fork  of  White  River,  and  Red  River. 

The  basin  comprises  27,700  square  miles,  of  wliich  10,000  square 
miles  he  in  Missouri  and  the  remainder  in  northern  and  eastern 
Arkansas.  Topograpliically,  it  consists  of  two  parts — a  highland 
area,  22,200  square  miles  in  extent,  lying  west  of  the  St.  Louis,  Iron 
Mountain  &  Southern  Railway,  and  an  area  of  lowlands,  including 
5,500  square  miles,  lying  east  of  this  railroad. 

The  topography  of  the  highland  portion  of  the  basin  is  rough.  The 
rocks  are  sandstone,  hmestone,  and  shale,  lying  horizontal.  Through 
these  the  main  stream  and  all  its  tributaries  have  cut  ravines  that 
range  in  depth  from  a  few  score  feet  to  more  than  1,200  feet.  Ele- 
vations in  the  Boston  Mountains  exceed  2,000  feet  above  sea  level. 
The  elevation  of  the  bed  of  White  River  ranges  from  1,250  feet  at 
the  north  base  of  the  mountains  to  less  than  250  feet  at  Batesville. 
Tliroughout  the  distance  between  these  two  points  there  are  no  falls 
and  but  a  few  rapids. 

The  lowland  area  of  the  basin  is  level,  and  stands  only  a  few  feet 
above  the  water  of  the  river  at  average  stage.  It  is  cut  by  numerous 
sloughs  wliich  have  been  formed  by  the  clogging  of  the  streams  and 
the  partial  filling  of  horseshoe  lakes.-  Probably  all  of  it  is  susceptible 
to  drainage. 
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Ttie  entire  area  was  originally  forest  covered,  but  a  large  propor- 
tion of  the  river  bottoms  and  the  level  parts  of  the  uplands  is  now 
under  cultivation.  The  steep  rock-covered  slopes,  which  constitute 
a  considerable  part  of  the  area,  are  still  forest  covered. 

The  records  kept  at  the  agricultural  experiment  station  at  Fayette- 
ville  from  1871  to  1907,  inclusive,  show  that  the  annual  rainfall  at 
that  place  rang^  from  a  minimum  of  34.58  inches  in  1871  to  a  maxi- 
mum of  67.48  inch^  in  1905.  The  average  for  the  37  years  was 
45.609  inches.  The  rainfall  at  Fayetteville  is  probably  fairly  repre- 
sentative for  that  part  of  the  basin  that  Ues  within  the  highland 
division. 

The  average  snowfall  is  about  9  inches.  Snow  Ues  on  the  ground 
but  a  few  days  at  most,  and  there  is  seldom  ice  enough  on  the  ground 
to  interfere  with  travel. 

Irrigation  has  not  been  attempted  in  this  basin,  but  it  is  practicable 
in  a  small  way  along  the  stream  bottoms,  where  the  water  may  be 
taken  from  the  streams,  and  on  a  still  smaller  scale  on  the  benches 
of  the  hill  slopes,  where  water  from  springs  may  be  stored. 

As  the  valleys  are  narrow  and  the  banks  in  most  places  high,  there 
are  many  points  along  the  streams  where  water  could  be  stored 
without  flooding  much  land.  Such  storage  sites  may  be  found  along 
White  River  and  all  its  highland  tributaries.  Numerous  large  springs 
of  fine  water  occur  throughout  the  highland  area. 

Buffalo  Fork  of  White  River  and  that  portion  of  White  River 
above  the  mouth  of  Buffalo  Fork  can  be  utihzed  for  logging  or 
boating  only  during  the  rainy  season.  A  series  of  Government  dams, 
above  Batesville  will,  when  completed,  render  White  River  navigable 
the  year  round  as  far  up  as  the  mouth  of  Buffalo  Fork.  In  the  low- 
land part  of  its  course  White  River  is  navigable  for  small  boats  at  all 
seasons. 

A  survey  to  determine  the  available  water  power  along  White 
River  and  its  tributaries  is  now  being  conducted.  The  smaller  of 
the  numerous  power  sites  can  probably  be  made  to  furnish  a  few 
hundred  horsepower  and  the  larger  ones  several  thousand  horsepower. 

WHITE  RIVER  AT  BEAVER,  ARK. 

This  station,  which  is  located  at  the  Missouri  and  North  Arkansas 
Railroad  bridge  at  Beaver,  Ark.,  was  established  July  17,  1909,  to 
obtain  data  for  use  in  studying  water  power,  water  supply,  flood* 
control,  storage,  and  navigation  problems. 

No  important  tributaries  enter  near  the  station. 

The  datum  of  the  chain  gage,  which  is  fastened  to  the  upstream 
handrail  of  the  bridge,  has  not  been  changed.     Measurements  at  high 
water  are  made  from  this  bridge,  at  low  water  by  wading. 
84549*— W8P  267—11 3 
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The  station  is  maintained  under  the  direction  of  the  state  geologist 
of  Arkansas. 

Discharge  measurements  of  White  River  at  Beaver y  Arh.,  in  1909, 


Date. 

Hydrographer. 

WldtlL 

Area  of 
section. 

be^S. 

charge. 

August  3 

November  20 

W.  N.  Oladson. 
do 

Fett. 
75 

no 

105 

497 
409 

Feet. 
3.5 
4.^ 
4.5 

Sec.-/t. 
91 

399 

December  17 

do 

431 

Note.— Measurements  made  by  wading  1,000  feet  above  the  bridge. 

Daily  gage  heighty  infect,  of  White  River  at  Beaver ,  Ark.,  for  1909. 
[Reno  N.  Lowe,  observer.) 


Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 
16 

July. 

Aug.   Sept. 

t 

Oct. 

Nov. 

Dec. 

1 

3.58 
3.5 
3.5 
3.5 
3.5 

3.48 

3.42 

3.4 

3.4 

3.4 

3.4 

3.4 

3.35 

3.35 

3.3 

3.2 
3.2 
3.2 
3.2 
3.2 

3.25 

3.25 

3.25 

3.2 

3.18 

3.18 

3.18 

3.18 

3.2 

3.18 

3.05 
3.05 
3.05 
3.05 
3.05 

3.05 
3.05 
3.05 
3.25 
3.25 

3.2 
3.15 

3.25 
3.25 
3.25 
3.25 
3.55 

4.4 

3.85 
4.25 
4.2 
4.0 

3.8 
a  7 

3.7 
3.7 
3.7 
3.7 
&38 

8.85 

3.3 
3.3 
3.3 
3.3 

3.15 
3.1 
3.1 
.^1 

3.15 

3.15 

3.15 

3.2 

3.25 

3.3 

3.45 

3.45 

3.4 

3.35 

3.3 

3.2^ 

3.25 

3.25 

3.25 

3.3 

3.85 

4.1 

4.26 

4.7 

4.6 

4.35 

4.15 

4.12 

4.0 

3.9 

3.85 

3.8 

^.72 

3.7 

3.7 

4.6 

2 

17 

4.4 

4.2 

4.05 

4.0 

3.9 
3.9 
3.8 
3.8 
3.7 

3.7 
3.7 
3.7 
3.6 
3.6 
3.6 

4.52 

3.   ... 

18 

4.46 

4 

19 

4.35 

5 

'  20 

3.3      3.1 

3.25    3.12 
3.22     3.K 
3.2      3.12 
3.2      3.12 
3.2      3.1 

3.2      3.1 
3.2      3.1 
3. 2       3. 1 
3.25     3.1 
3. 25     3. 1 
3.22 

4.3 

6 

'21 

4.3 

7 

7.36 

22 

4.22 

8 

a  12 
5.5 
5.2 

4.98 
4.82 
4.7 
4.7 

23 

4.22 

9 

24 

4.1 

10 

25 

4.0 

11 

26 

4.05 

12.    ..     . 

27 

4.05 

13 

3.15  1  3.65 
3. 25     3. 65 
3.15     3.6 

28 

4.0 

14 

29 

4.0 

16 

4.65 

30 

4  25 

31 

3.9 

WHITB  BIVER  NEAB  BRANSON,  MO. 

This  station,  which  is  located  at  the  St.  Louis,  Iron  Mountain  & 
Southern  Railway  bridge  near  Branson,  Mo.,  was  established  July  19, 
1909,  to  obtain  data  for  use  in  studying  water  power,  water  supply, 
flood  control,  storage,  and  navigation  problems. 

Turkey  Creek  enters  the  river  on  the  right  bank  about  600  feet 
below  the  section. 

The  datum  of  the  gage,  which  is  fastened  to  the  downstream  guard 
rail  of  the  bridge,  has  remained  unchanged.  At  high  water  measure- 
ments are  made  from  this  bridge;  at  low  water  they  are  made  by 
wading. 

This  station  is  maintained  under  the  direction  of  the  state  geologist 
of  Arkansas. 

Discharge  measurements  of  White  River  near  Branson,  Mo.,  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Oage. 
heSit. 

Dis- 
charge 

November  22... 

W.N.  Oladson 

Feet. 
270 
268 

Sq.ft. 
946 
972 

Feet. 
3.3 
3.4 

1,110 

do 

1 
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Daily  gage  height  ^  in  feet  ^  of  White  River  near  Branson^  Mo.,  for  1909. 
fWUDam  Kniger,  obflerver.J 


Day.      '  July 


3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

11. 

12. 
13. 
14. 
15.. 


Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

3.10 

2.55 

2.30 

2.60 

2.85 

3.00 

2.60 

i30 

2.50 

2.85 

3.00 

2.50 

2.30 

2.50 

2.80 

3.00 

2.48 

2.30 

2.50 

2.92 

2.95 

2.40 

2.30 

2.45 

3.96 

2.95- 

2.W 

2.3& 

3.05 

&e2 

2.95 

2.40 

2.30 

3.75 

7.05 

2.98 

2.60 

2.30 

3.60 

6.48 

3.15 

2.55 

2.40 

3.30 

4.95 

3.02 

2.55 

2.42 

3.50 

4.45 

2.95 

2.56 

2.60 

3.40 

4.20 

2.90 

2.62 

2.50 

3.28 

4.00 

2.82 

2.45 

2.60 

3.10 

3.82 

2.76 

2.50 

2.60 

3.10 

3.70 

2.76 

2.45 

2.60 

3.10 

3.60 

Day. 


16. 
17. 
18. 
I  19. 
20. 

21. 
22. 
23. 
I  24. 
25. 

26. 

27. 
28. 
29. 
30. 
31. 


July. 


4.00 
3.88 

3.76 
3.65 
3.60 
3.48 
3.40 

3.35 
3.30 
3.25 
3.25 
3.20 
3.20 


Aug. 


2.70 
2.65 
2.60 
2.60 
2.55 

2.60 
2.60 
2.60 
2.&> 
2.60 

2.60 
2.60 
2.60 
2.60 
2.48 
2.45 


Sept. 


2.45 
2.45 
2.45 
2.40 
2.40 

2.40 
2.35 
2.36 
2.38 
2.40 

2.40 
2.40 
ZdO 
2.30 
2.30 


Oct 


2.50 
2.60 
2.60 
2.46 
2.60 

2.60 
2.60 
2.60 
2.60 
2.60 

2.60 
2.60 
2.60 
2.60 
2.60 
2.60 


Nov. 


3.66 
3.72 
3.80 
3.70 
3.65 

3.60 
3.40 
3.30 
3.26 
3.10 

3.00 
3.00 
3.00 
2.92 
2.80 


Dec. 


3.65 
3.60 
3.40 
3.32 
3.22 

3.15 
3.18 
3.30 
3.20 
3.18 

3.05 
3.00 
3.00 
3.00 
2.90 
3.00 


WHITE  BIVER  NEAR  LEAD  HILL,  A  UK. 

This  station,  which  is  located  at  Bradley's  ferry,  5  miles  northeast 
of  Lead  Hill,  Ark.,  was  estabUshed  October  1,  1909,  to  obtain  data 
for  use  in  studying  water  power,  navigation,  flood  control,  and  storage 
problems. 

Fishtrap  Shoals  are  about  400  feet  below  the  station. 

The  gage  consists  of  two  vertical  sections  on  the  right  bank  of  the 
river  about  100  feet  below  the  ferry.  Its  datum  has  not  been 
changed.     Measurements  are  made  from  the  ferryboat. 

The  station  is  maintained  under  the  direction  of  the  state  geologist 
of  Arkansas. 

Discharge  measurements  of  White  River  near  Lead  Hill,  Arh.,  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Gage 
height. 

Dis- 
charge. 

August  19 

November  22. . . 

W.  N.  Gladson 

Feet. 
300 
300 
292 

Sq.ft. 
794 
936 
905 

Feet. 
1.1 
2.4 
2.4 

Sec.-ft. 
468 

do 

1.400 

December  20... 

do 

1,350 

Daily  gage  height,  in  feet,  of  White  River  near  Lead  Hill,  Ark.,  for  1909. 
[Jerry  Upshaw,  observer.] 


Day. 

Oct 

Nov. 

Dec. 

Bay. 

Oct. 

Nov. 

Dec. 

Day. 

Oct. 

1.3 
1.3 
1.3 
1.3 
1.3 

1.3 
1.3 
1.3 
1.3 
1.2 
1.3 

Nov. 

Dec. 

I 

1.1 
1.1 
1.1 
1.1 
1.1 

1.1 

1.1 

1.1 

1.48 

1.2 

1.3 
1.3 
1.3 
1.3 
1.3 

3.0 

1.86 

2.6 

2,3 

2.2 

1.8 
1.7 
1.8 
1.8 
4.16 

5.8 
6.6 
6.0 
4.9 
4.1 

11 

1.2 

1.25 

1.25 

1.3 

1.3 

1.2 
1.21 
1.21 
1.2 
1.2 

2.4 
2.3 
2.1 
2.0 
2.0 

2.0 
2.6 
2.7 
2.8 
2.66 

3.66 

3.45 

3.2 

3.1 

3.0 

2.8 
2.7 
2.6 
2.6 
2.4 

21..     . 

2.6 
2.6 
2.4 
2.2 
2.1 

2.0 
1.9 

1.8 
1.8 
1.7 

2.3 

2 

12 

22 

2.0 

3 

13 

23.. 

2  0 

4 

14 

24 

2.1 

6 

15 

25 

2  0 

6 

16 

26  .     . 

1  8 

7 

17 

27 

1.7 

8 

18 

28  .     . 

1  7 

9 

19 

29 

1.6 

10 

20 

30 

1  6 

31 

2.0 
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SURFACE  WATER  SUPPLY,  1909,  PART  VII. 


WHITB  RIVER  NEAR  COTTER,  ARK. 

This  station,  which  is  located  at  the  St.  Louis,  Iron  Mountain  & 
Southern  Railway  bridge  near  Cotter,  Ark.,  was  established  July  21, 
1909,  to  obtain  data  for  use  in  studying  water  power,  water  supply, 
flood  control,  storage,  and  navigation  problems. 

The  station  is  about  three-fourths  of  a  mile  below  the  mouth  of 
Falling  Ash  Creek. 

The  datum  of  the  gage,  which  is  fastened  to  the  upstream  guardrail 
of  the  bridge,  has  remained  unchanged.  Measurements  are  made 
from  the  bridge,  from  a  ferry  about  500  feet  above,  or  by  wading. 

This  station  is  maintained  under  the  direction  of  the  State  geologist 
of  Arkansas. 

Discharge  measurements  of  White  River  near  Cotter,  Ark.,  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

he^t. 

Dis- 

August  31  a 

November  24  b 

W  N  Giadaon 

Feet. 
160 
420 
400 

306 
1,090 
1,030 

Feet. 
1.3 
2.9 
2.85 

Sec-ft. 
455 

do         

1,740 
1,600 

Pwflitiber226. . 

.  ...do 

a  Measurement  by  wading. 


b  Measurement  from  the  forry. 


Daily  gage  height,  in  feet,  of  White  River  near  Cotter,  Ark.,  for  1909. 
[8.  Butterfield,  observer.) 


Day. 

July.    Aug. 

Sept 

Oct. 

Nov. 

Dec. 

2.2 

2.2 

2.16 

2.1 

3.36 

6.1 
6.9 
6.8 
6.6 
5.55 

5.0 

4.7 

4.35 

4.2 

3.95 

Day. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Dec 

1 

2.65 

2.6 

2.45 

2.4 

2.3 

2.3 

3.15 

2.45 

2.35 

2.2 

2.1 

2.3 

2.25 

2.1 

2.0 

1.4 
1.4 
1.4 
1.3 
1.4 

1.4 
1.4 
1.4 
1.3 
1.3 

1.3 

1.3 

1.3 

2.45 

1.4 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 

1.0 

1.0 

1.36 

1.65 

1.45 

1.2 

1.2 

1.2 

1.2 

1.5 

1.45 

1.4 

1.3 

1.3 

1.95 
3.35 
2.45 
3.05 
2.95 

2.7 

2.9 

2.65 

2.55 

2.45 

16 

2.0 
1.9 
1.8 
1.8 
1.75 

1.65 

1.6 

1.6 

1.5 

1.4 

1.4 
1.4 
1.3 
1.3 
1.3 
1.3 

1.3 
1.2 
1.2 
1.2 
1.2 

1.3 

1.3 

1.25 

1.2 

1.2 

1.2 
1.2 
1.1 
1.1 
1.0 

1.25 

1.3 

1.3 

1.2 

1.2 

1.3 
1.3 
1.3 
1.3 
1.2 

1.2 

1.25 

1.3 

1.3 

1.3 

1.4 

2.4 

2.56 

3.0 

3.26 

3.36 

3.2 

3.1 

3.05 

2.9 

2.75 

2.55 

2.46 

2.3 

2.3 

2.2 

3.76 

2            .   . 

17 

3  6 

3 

18 

3.35 

4            .   . 

19 

3  3 

5 

20 

3.15 

6 

21 

3.9 
3.7 
3.6 
3.4 
3.2 

3.1 

3.1 

3.0 

2.86 

2.75 

2.7 

3.0 

22 

3.0 

8         

23 

2.9 

9 

24 

2.8 

10  . 

25 

2.65 

11. 

26 

2.5 

12 

27 

2.6 

13 

28 

2.5 

14 

29 

2.36 

15 

30 

2.3 

31 

2.2 

WHITB  RIVEB  AT  WALLS  FEBBY,  ABK. 

This  station,  which  is  located  at  the  Government  dam  at  Walls 
Ferry,  Ark.,  will  furnish  data  necessary  in  studying  water  power, 
navigation,  and  flood  control  problems.  The  discharge  of  the  stream 
will  be  computed  from  the  records  of  the  gage  heights  above  the  lock, 
considering  the  dam  as  a  weir.  Discharge  measurements  will  be  made 
in  order  to  determine  the  proper  coefficients  to  be  used.  The  first 
measurement  was  made  in  November,  1909. 
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This  station  is  maintained  under  the  direction  of  the  State  geologist 
of  Arkansas. 

The  following  discharge  measurement  was  made  by  W.  N.  Gladson: 

November  28,  1909:  Width,  310  feet;  area,  1,830  square  feet;  gage  height,  6.8  feet; 
discharge,  2,790  second-feet. 

BUFFALO  BIVBB  NEAB  GILBBBT,  ABK. 

This  station,  which  is  located  at  the  Missouri  &  North  Arkansas 
Railroad  bridge  near  Gilbert,  Ark.,  was  established  July  16,  1909,  to 
obtain  data  for  use  in  studying  water  power  and  storage  problems. 

Bear  Creek  is  tributary  to  Buffalo  River  from  the  right  bank  about 
one-fourth  mile  above  the  station. 

The  datimi  of  the  chain  gage,  which  is  fastened  to  the  upstream 
guardrail  of  the  bridge,  from  which  high-water  measurements  are  also 
made,  has  not  been  changed.  Low-water  measurements  are  made  by 
wading.  Measurements  of  high  water  may  be  complicated  by  the 
flow  from  Bear  Creek. 

This  station  is  maintained  under  the  direction  of  the  State  geologist 
of  Arkansas. 

Discharge  measurements  of  Buffalo  River  near  Gilberty  Ark. ,  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
secUoQ. 

Oase 
height. 

Dis- 
charge. 

November  29... 

W.  N.  Gladson 

Feet. 
66 
68 

128 

Fed. 
3.0 
3.2 

"«f», 

I>eoeiiiber23... 

do 

155 

Note. — Measarements  made  by  wading. 

Daily  gage  height^  infeet^  of  Buffalo  River  near  Gilbert,  Ark.,  for  1909. 
[Mrs.  R.  J.  Williams,  observer.] 


Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.6 
2.6 
2.5 
2.5 
2.5 

2.5 
2.6 
2.7 

2.7 
2.6 

2.6 
2.6 
2.6 
2.5 
2.5 

2.2 
2.2 
2.2 
2.2 
2.3 

2.3 
2.3 
2.3 
2.3 
2.3 

2.3 
2.3 
2.3 
2.2 
2.3 

2.2 
2.2 
2.2 
2.2 
2.2 

2.2 
2.2 
2.2 
2.6 
2.4 

2.3 
2.3 
2.3 
2.3 
2.3 

2.5 
2.4 
2.4 
2.4 
2.4 

2.5 
2.5 
2.5 
2.6 
2.5 

2.6 
2.6 
2.6 
2.7 
2.7 

3.0 
3.0 
3.8 
3.6 
3.6 

4.3 
4.8 
4.3 
4.0 
3.7 

3.6 
4.6 
&1 
4.8 
4.5 

16 

3.0 
3.p 
2.9 
2.8 
2.8 

2.7 
2.7 
2.7 
2.7 
2.7 

2.7 
2.6 
2.6 
2.6 
2.6 
2.6 

2.5 
2.5 
2.4 
2.4 
2.4 

2.4 
2.3 
2.3 
2.3 
2.3 

2.3 
2.2 
2.2 
2.2 
2.2 
2.2 

2.3 
2.2 
2.2 
2.2 
2.2 

2.3 
2.3 
2.3 
2.3 
2.3 

2.3 
2.3 
2.3 
2.3 
2.3 

2.3 
2.3 
2.3 
2.3 
2.3 

2.3 
2.3 
2.3 
2.3 
2.3 

2.3 
2.3 
2.3 
2.3 
2.3 
2.3 

2.9 
3.9 
4.1 
3.9 
3.6 

3.4 
3.3 
3.2 
3.1 
3.1 

3.0 
3.0 
2.9 
2.9 
2.9 

4.2 

2 

17 

4.0 

3 

18 

3.6 

4 

10 

3.6 

5 

20 

3.4 

6 

21 

3.4 

7 

22 

3.3 

8 

23 

3.2 

9 

24 

3.2 

10 

25 

3.2 

11 

26 

3.1 

12 

27 

3.1 

13 

28 

3.0 

14 

29 

3.0 

16 

30 

2.9 

31 

2.9 
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SURFACE  WATEB  SUPPLY,  19()9,  PART  VH. 


NORTH  FOBE  RIVBB  NBAB  HENDERSON,  ARK. 

This  station,  which  is  located  at  Smith's  feny,  near  Henderson, 
Ark.,  was  established  July  23,  1909,  to  obtain  data  for  use  in  study- 
ing water  power,  storage,  and  navigation  problems. 

Bayou  Creek  enters  on  the  left  bank  about  IJ  miles  above  the 
station. 

The  gage  consists  of  three  vertical  sections  on  the  left  bank  near 
the  feny.  Its  datum  has  not  been  changed.  Measurements  are 
made  from  the  ferryboat  or  by  wading  at  low  water. 

This  station  is  maintained  under  the  direction  of  the  State  geologist 
of  Arkansas. 

Discharge  measurements  of  North  Fork  River  near  Eendersony  Ark.^  in  1909. 


Dale. 

Hydrogn^er. 

Width. 

Area  of 
section. 

Gaee 
be^t. 

Feet. 
1.4 
1.6 
1.75 

Dis- 

September  4  «.. 
N<>vember2a... 

W.  N.  Gladson 

'    210 
230 
240 

709 
718 
777 

^"•■fe 

do 

719 

Deoember  21 . . . 

do 

911 

a  Measurement  by  wading  one-half  mile  below  the  ferry. 

Daily  gage  height,  infeety  of  North  Fork  River  near  Henderson^  Ark.,  for  1909. 
[F.  S.  Field,  observer.] 


Day. 

July.   Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 
16 

July. 

Aug. 

Sept 

1.76 

1.66 

1.5 

1.5 

1.5 

1.65 

1.75 

1.6 

1.5 

1.5 

1.5 
1.5 
1.5 
1.6 
1.55 

Oct. 

Nov. 

Dec. 

1 

2.1 
2.0 
2.9 
2.9 

2.8 

2.8 
2.7 
2.65 
2.55 

1.7 

1.6 

1.55 

1.5 

1.65 

1.6 
1.5 
1.6 
1.6 
1.55 

1.5 
1.5 
1.5 
1.7 
1.85 

1.5 
1.5 
1.5 
1.4 
1.45 

1.5 
1.6 
1.6 
1.6 
1.6 

1.5 

1.5 

1.5 

1.45 

1.4 

1.6 
1.65 
1.8 
1.75 
1.65 

1.6 
1.7 
1.8 
1.9 
1.85 

1.75 

1.65 

1.6 

1.5 

1.55 

1.8 
1.85 
1.9 
1.8 
1.8 

1.85 

1.9 

2.0 

2.5 

2.65 

1.9    1 
1.9    < 
1.8 
1.85 
1.85 

1.7 
1.6 
1.6 
1.6 
1.5 

1.4 
1.4 
1.4 
1.35 
1.3 

1.3 
1.3 
1.3 
2.0 
2.0 
1.9 

1.4 

1.5 

1.5 

1.46 

1.4 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 

1.45 

1.4 

1.4 

1.4 

1.5 

1.7 

1.75 

1.7 

1.66 

1.7 

1.6 

1.65 

1.7 

1.65 

1.^ 

1.6 
1.6 
1.7 
1.7 
1.8 

1.9 

2 

17 

1.8 

3.. 

18 

1.7 

4 

19 

1.7 

5 

20 

1.7 

«. . 

21 . .     . 

1.75 

7 

22 '       --- 

1.8 

8 

23 

24 

25.. 

26 

27 

28 

29 

30 

31 

2.2 
2.15 
2.1 

2.1 

2.05 

2.0 

2.0 

2.55 

2.1 

1.8 

9 

1.7 

10 

2.5 

2.4 

2.35 

1.96 

1.7 

1.7 

1.0 

11 

1.6 

12 

13 

1.55 
1.5 

14 

K6 

la 

1.6 

1.6 

LITTLB  BED  RIVEB  AT  PANGBUBN,  ABK. 

This  station,  which  is  located  at  Skillem^s  ferry,  near  Pangbum, 
Ark.,  was  established  July  15,  1909,  to  obtain  data  for  use  in  study- 
ing water  power,  water  supply,  storage,  and  navigation  problems. 

Big  Red  Creek  joins  Little  Red  River  about  one-half  mile  below 
the  station. 

This  stream  is  used  to  considerable  extent  for  running  logs.  Log 
jams  above  and  below  the  station  affect  the  gage  for  short  periods. 
Ice  rarely,  if  ever,  forms  on  tliis  stream. 
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The  gage  consists  of  three  vertical  sections  on  the*right.  bank  near 
the  ferry.  Its  datum  has  not  been  changed.  Measurements  are 
made  from  a  ferryboat  or  h^  wading  at  low  water. 

This  station  is  maintained  yuder  the  direction  of  the  State  gedbgist 
of  Arkansas. 

Discharge  measurements  of  Little  M^  River  near  Pangbum,  Ark,^  m  1909, 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Gage 
hegit 

Dis- 
charge. 

November  28... 

W.N.  Gladflon , 

Feet. 
170 
200 

Sq.ft. 
552 
674 

Feet. 
3.1 
3.7 

^"■& 

December  25... 

do 

637 

Daily  gage  height^  in  feet,  of  Little  Red  I^iv^r  near  Pangbtum,  Ark.  j  for  2909. 
[A.  J.  Stolz,  ot^^erver.] 


Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1.6 
1.6 
1.6 
1.6 
1.5 

1.6 
2.2 
2.5 
2.4 
2.3 

2.4 
3.0 
2.9 
2.9 
3.0 

Dec. 

3.0 
2.9 
2.9 
5.4 
4.8 

4.5 
5.1 
5.0 
4.8 
4.4 

4.5 
7.5 
13.4 
10.6 
8.2 

Pay. 

July. 

Aug, 

Sept 

Oct. 

Nov. 

Dec. 

1 

2.0 
1.9 
1.9 
1.8 
1.8 

1.8 
1.8 
1.7 
1.7 
1.7 

1.7 
1.7 
1.7 
1.6 
1.6 

1.'8 

1.4 
1.5 
1.6 
1.5 
1.5 

1.6 
1.6 
1.6 
1.6 
1.6 

1.4 
1.4 
1.4 
1;5 
1.5 

16 

3.2 
3.0 
3.2 
3.1 
3.1 

3.1 
2.1 
2.3 
2.2 
2.2 

2.1 
2.1 
2.7 
2.2 
2.0 
2.0 

1.6 
1.7 
1.8 
1.7 
1.7 

1.7 
1.7 
1.6 
1.6 
1.6 

1.6 
1.6 
1.6 
1.6 
1.5 
1.5 
f 

1.4 
1.4 
1.3 
1.3 
1.3 

1.6 
1.8 
2.2 
1.8 
1.6 

1.6 
1.5 
1.5 
1.4 
1.4 

1.5 
1.5 
1.5 
1.5 
1.5 

1.6 
1.6 
1.6 
1.6 
1.6 

1.6 
1.6 
1.6 
1.6 
1.5 
1.5 

2.9 
2.9 
8.4 
6.4 
5.0 

4.3 
3.9 
3.7 
3.5 
3.6 

3.6 
3.5 
3.4 
3.2 
3,0 

7.0 

2       

17 

6.4 

3 

18 

5.8 

4       

19...... 

5.2 

5 

20 

4.9 

6 

M 

4.7 

7 

22 

4.3 

8 

23 

3.9 

g 

24 

3.8 

10 

'  25 

3.7 

11 

26. i 

3.7 

12 

27 

3.6 

13 

28 

*  3.6 

14 

2.66 
2.9 

29 

3.4 

15 

30: .. 

3.3 

31 

3.2 

ARKANSAS    RIVER    DRAINAGE    BASIN. 

DESCRIPTION. 

The  western  rim  of  the  Arkansas  basin  is  formed  by  three  of  the 
highest  mountain  ranges  of  Colorado — the  Saguache,  Sangre  de 
Cristo,  and  Culebra,  &ch  having  sumtmits  more  than  14,000  feet  in 
altitude.  The  melting  of  the  almost  perpetual  snow  that  mantles 
the  high  peaks  near  the  north  end  of  this  rim  furnishes  water  for 
three  small  creeks,  the  East,  Lake,  and  Tennessee  forks,  which  unite 
near  Leadville  to  form  the  Arkansas. 

From  the  junction  of  the  forks  the  river  flows  a  little  east  of  south 
for  about  75  miles,  then  turns  to  the  east  and  cuts  through  a  canyon 
whose  perpendicular  walls  attain  elevations  of  more  than  2,000  feet 
above  the  water's  edge,  emerging  finally  into  the  plains  region  near 
Canon  City.  From  Canon  City  to  the  Colorado-Kansas  State  line  its 
general  course  is  eastward  for  about  200  miles.  Entering  Kansas 
the  river  runs  for  140  miles  by  general  course  a  little  south  of  east;  it 
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then  makes  a  bold  curve  to  the  north,  forming  what  is  known  as  the 
Great  Bend,  below  which  it  flows  southeastward  across  Oklahoma 
to  its  junction  with  the  Mississippi  in  northeastern  Arkansas.  The 
entire  length  of  the  stream  from  source  to  mouth  is  about  1,500  miles 
and  its  drainage  basin  includes  177,500  square  miles. 

In  its  upper  course  the  Arkansas  is  fed  by  numerous  small  streams, 
generally  short,  which  lie  wholly  in  or  have  their  sources  in  the 
mountains.  Those  that  head  in  the  mountains  and  flow  out  onto  the 
prairies  are  used  more  or  less  for  irrigation.  The  most  important  of 
these  tributaries  are  Greenhorn,  Huerfano,  Apishapa,  and  Purga- 
tory rivers.  The  plains  tributaries  include  Black  Squirrel,  Horse, 
Two  Butte  and  Big  Sandy  Creeks,  Salt  Fork,  Cimarron,  Verdigris, 
Grand,  and  Canadian  rivers,  and  scores  of  smaller  streams.  The 
largest  of  these  tributaries  is  Canadian  River. 

Above  Pueblo,  Colo.,  the  drainage  basin  is  generally  mountainous, 
but  toward  the  south  the  elevation  decreases  and  the  country  is 
well  marked  by  stream  channels  that  trend  in  a  general  northeasterly 
direction.  The  streams  on  the  north  flow  generally  southward  when 
they  emerge  from  the  mountains. 

At  the  base  of  the  mountains  are  the  foothills,  irregular  and  seared 
by  canyons,  and  marked  by  disconnected  mesas  and  buttes  of  differ- 
ent but  moderate  altitudes;  beyond  are  great  level  plains,  extending 
far  to  the  east  and  constituting  a  portion  of  what  was  formerly 
known  as  the  Great  American  Desert.  East  of  the  foothills  and 
north  of  the  river  the  topography  is  that  typical  of  the  Great  Plains 
region,  but  to  the  south  the  surface  of  the  plains  is  generally  more 
accented.  That  part  of  the  drainage  basin  that  extends  from  the 
mountains  to  the  Colorado-Kansas  line  embraces  an  area  of  about 
25,000  square  miles.  Beyond  this  is  the  flat  semiarid  section  of 
western  Kansas,  and  then  the  more  humid  country  in  eastern  Kansas, 
Oklahoma,  and  Arkansas. 

The  rocks  exposed  in  the  mountainous  area  present  great  variety, 
ranging  from  the  metamorphic  granites  of  Pikes  Peak  and  the  Roj^al 
Gorge  of  the  Arkansas  to  the  glacial  drift  in  the  upper  valley  of  the 
Arkansas  from  Salida  to  Leadville  and  in  the  upper  Grape  Creek 
Range.  Next  to  the  granites  the  eruptive  rocks  are  most  common, 
and  sedimentary  rocks  are  found  over  wide  areas. 

In  the  plains  region  the  principal  rock  exposures  seen  along  the 
heavily  eroded  stream  channels  are  shales,  sandstone,  and  limestone 
in  alternating  layers.  The  soil  cover,  which  is  necessarily  rather 
meager  in  the  mountainous  section,  varies  in  the  plains  region  from 
the  upland  sands  and  gravels  of  the  mesas  to  the  sandy  loams  and 
adobe  clays  of  the  river  valleys.  The  adobe  soils  are  very  friable  and 
dry  and  melt  away  rapidly  under  the  action  of  water.  Many  of  the 
dry  intermittent  channels,  usually  termed  arroyos,  are  narrow  and 
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have  high  vertical  wails,  and  are  cut  deeper  by  each  succeeding  flood. 
The  vegetation  is  scanty,  consisting  of  native  grasses,  sagebrush, 
chico,  and  cactus  pads.  The  ranges  have  been  very  closely  pastured, 
making  conditions  conducive  to  an  excessive  flood  run-off. 

Above  Canon  City  the  fall  of  the  river  is  about  40  feet  to  the  mile. 
The  elevation  at  Canon  City  is  5,300  feet;  at  the  Colorado-Kansas 
state  line,  .220  miles  below,  the  elevation  is  3,350  feet,  making  the 
average  fall  about  9  feet  per  mile.  At  the  mouth  the  river  has  an 
elevation  slightly  exceeding  100  feet  above  sea  level. 

The  drainage  basin  of  Arkansas  River  contains  about  1,000  square 
miles  of  merchantable  timber  land  and  considerably  more  than  that 
amount  of  woodland ;  the  rest,  except  for  the  considerable  area  under 
cultivation,  may  be  classed  as  barren  and  sagebrush  land. 

The  principal  source  of  the  water  which  the  river  bears  to  the  plains 
is  the  precipitation  along  the  crest  of  the  high  ranges.  This  is 
mainly  in  the  form  of  snow,  and  amounts  to  20  or  30  inches  each 
year.  From  the  foothills  to  Arkansas  City  the  precipitation  ranges 
from  12  to  35  inches,  being  25  to  35  inches  in  the  last  100  miles  below 
Hutchinson.  The. natural  storage  in  the  basin  is  limited  to  a  few 
mountain  lakes  of  glacial  origin. 

The  streams  of  this  drainage  area  are  subject  to  floods  of  two 
kinds — the  annual  spring  floods  caused  by  the  melting  of  the  snows 
in  the  headwater  regions  and  floods  caused  by  the  violent  storms, 
locally  known  as  cloudbursts,  in  the  foothills  and  plains  regions. 
Occasionally,  too,  the  river  runs  dry,  and  many  of  the  tributaries 
are  intermittent  in  character. 

As  altitudes  within  this  basin  range  from  14,000  feet  almost  down 
to  sea  level,  the  climatic  conditions  vary  greatly.  In  the  mountain- 
ous sections  the  winters  are  severe,  the  snowfall  is  heavy,  and  the 
rivers  have  a  thick  ice  cover  for  several  months.  As  the  altitude 
decreases  the  winters  become  milder. 

At  the  present  time  about  half  a  million  acres  of  land  are  under 
irrigation  on  Arkansas  River  and  its  tributaries  in  Colorado,  but 
beyond  the  Colorado  line  only  a  very  few  thousand  acres  are  irrigated. 
The  Garden  City  project  of  the  United  States  Reclamation  Service 
will  eventually  provide  for  the  irrigation  of  probably  15,000  acres  in 
the  Arkansas  Valley  in  western  Kansas,  principally  by  pumping  the 
underflow. 

Numerous  reservoirs  now  in  operation  along  the  Arkansas,  together 
with  direct  diversions  for  irrigation,  provide  for  the  use  of  the  greater 
part  of  the  flow  of  Arkansas  River  in  Colorado.  The  largest  reser- 
voirs are  in  the  system  of  the  Great  Plains  Reservoir  Company, 
on  the  north  side  of  the  river  in  the  eastern  part  of  the  State.  The 
reservoirs  of  this  system  are  supplied  by  feeder  canals,  and  have  a 
combined  capacity  of  almost  200,000  acre-feet.     Other  reservoirs 
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now  contemplated  or  under  construction,  on  the  tributaries  of  the 
Arkansas,  will  provide  for  the  irrigation  of  a  large  additional  area. 
These  reservoirs  are  necessitated  by  the  intermittent  character  of 
the  streams  upon  which  they  are  situated.  The  basin  contains  many 
excellent  reservoir  sites.  The  flood  on  the  Arkansas  in  October, 
1908,  illustrates  the  possibility  for  additional  storage  in  some  of 
them.  (For  report  on  this  flood,  see  Water-Supply  Paper  247, 
p.  35.) 

On  account  of  the  use  of  water  for  irrigation  in  the  open  country, 
power  development  is  necessarily  confined  to  the  upper  reaches  of 
the  Arkansas  and  its  tributaries.  It  seems  probable  that,  with 
proper  storage,  about  100,000  horsepower  can  be  developed.  Some- 
what over  5,000  horsepower  is  now  being  used. 

The  years  of  greatest  average  flow  on  the  upper  Arkansas  since  the 
beginning  of  measurements  seem  to  have  been  1891  and  1899.  The 
flow  in  1905  was  also  very  high  and  that  in  1906  and  1907  was  nearly 
as  great.    The  year  of  lowest  flow  is  1902,  while  1908  is  second. 

ABKANSAS  BIVEB  AT  SALTTTA,  COLO. 

A  station  was  maintained  on  Arkansas  River  at  Salida  under  the 
direction  of  the  United  States  Geological  Survey  from  1895  to  1903.* 
The  station  was  reestablished  November  3,  1909,  by  the  state  engi- 
neer of  Colorado,  who  placed  a  Bristol  automatic  gage  with  an 
auxihary  slope  gage  about  a  block  below  the  concrete  bridge  on 
the  road  from  town  to  the  Denver  &  Rio  Grande  Railroad  depot. 
The  records  furnish  data  concerning  the  amount  of  water  available 
for  irrigation. 

The  new  and  old  stations  bear  the  same  relation  to  tributaries  and 
diversions,  but  are  at  different  sections. 

The  gage  has  no  determined  relation  to  the  gage  used  in  1903. 
Discharge  measurements  are  made  from  the  concrete  bridge. 

On  account  of  springs  in  the  vicinity  of  the  station,  the  channel  is 
open  throughout  the  winter  months,  making  a  very  favorable  location 
for  the  gage. 

Discharge  measurements  of  Arkansas  River  at  Saliday  Colo.j  in  1909. 


Date. 

Hydrographer. 

Area  of 
section. 

l^^t. 

Dte- 
charge. 

November  3 

Oricve  and  Cbatfleld 

102 

Fed. 
1.60 
.70 

Sec.-fi. 
5i7 

D€«*»inber  15. ., 

C.  L.  Chatflcid 

243 

» For  description,  see  Water-Supply  Paper  U.  8.  Geol.  Survey  No.  99,  p.  301. 
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Daily  gage  height^  infeety  of  Arkansas  River  at  Salida,  Colo.,  for  1909. 
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Day. 

Nov. 

Dec. 

1.05 
1.1 
LI 
.0& 
.8 

.0 
.0 
.0 
.0 
.05 

Day. 

Nov. 

Dec. 

Day. 

Nov. 

Dec. 

1 

11 

1.15 

LIS 

LI 

LO 

LOS 

LI 
LI 
LI 
LI 
L15 

a85 
.86 

.86 

.8 

.76 

.8 

.7 

.66 

.66 

21 

L16 

LI 

LI 

LI 

L06 

LI 

LI 

L06 

LI 

LI 

a? 

2 

12 

22 

.8 

3  .. 

13 

23 

.85 

4 

14 

24 

.85 

6... 

16. 

25 

.8 

6 

16 

26 

.8 

7 

17 

27 

.86 

8 

18 

28 

.8 

9 

19 

29 

.8 

10 

20 

30 

.8 

31 

.8 

' 

Daily  dist^iarge,  in  ucoThd-feet,  of  Arkansas  River  at  Salida,  Colo,,  for  1909, 


Day. 

Nov. 

Dec. 

Day. 

Nov. 

Dec. 

Day. 

Nov. 

Dec. 

1 

326 
340 
340 
292 
250 

276 
276 
276 
276 
292 

11 

358 
368 
340 
310 
325 

340 
340 
340 
340 
398 

262 
262 
276 
262 
250 

238 
260 
225 
212 
212 

21 

368 
340 
340 
340 
325 

340 
340 
326 
340 
340 

225 

2 

12 

22 

250 

3 

13 

23 

262 

4 

14 

24 

262 

5 

15 

25 

250 

6 

16 

26 

250 

7..   . 

17 

27 

262 

8 

18 

28 

250 

9..   . 

19 

29 

260 

10 

20 

30 

250 

31 

260 

NoTK.— These  discharges  are  based  od  the  rating  curve  used  by  the  State  enghieer  of  Ck>lorado.    It  I9 
fikirly  well  defined. 

Monthly  discharge  of  Arkansas  River  at  Salida,  Colo.,  for  1909, 


IfODth. 

Run-off 
(total  In 
acre-feet). 

Maxhnum.   Mhibnum. 

Mean. 

1 
358                 310 
340                 212 

337 
263 

13,400 

December , 

16,200 

ARKANSAS  BIVER  AT  CANON  CITY,  COLO. 

This  station,  which  was  established  April  17,  1889,  is  located  at  the 
mouth  of  the  canyon,  just  below  the  suspension  footbridge  at  Hot 
Springs  Hotel,  about  l-J  miles  above  the  Denver  &  Rio  Grande 
Railroad  depot  at  Canon  City,  Colo. 

The  records  at  tliis  point  show  the  greater  part  of  the  run-^ff  of  the 
river  and  are  valuable  both  for  power  and  irrigation  projects. 

Grape  Creek  enters  about  one-eighth  of  a  mile  above  the  station 
and  Oil  Creek  comes  in  about  5  miles  below.  The  drainage  area  com- 
prises about  3,000  square  miles.  North  and  South  Canyon  ditches 
divert  wattet'  above  the  station,  and  their  flow  is  not  included  in  the 
run-off.  No  accurate  records  have  been  kept  of  the  discharge  in 
these  canals    but  the  combined  flow  is  from  50  to  100  second-feet 
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during  the  irrigation  season.  Some  water  is  also  diverted  for  the 
irrigation  of  a  few  thousand  acres  on  the  upper  Arkansas  and  its 
tributaries. 

The  flow  of  the  river  is  afl'ected  by  ice  for  three  or  four  months 
during  the  winter  season. 

On  October  4,  1895,  a  new  rod  gage  was  established  on  the  left 
bank,  opposite  the  original  gage  and  at  the  same  datum.  This  gage 
read  0.4  foot  lower  than  the  old  gage  at  low  stages,  but  at  high  water 
both  gages  read  the  same.  This  new  gage  was  used  until  August  26, 
1902,  when  another  gage  was  established  on  the  right  bank  at  the 
datum  of  the  original  gage,  though  it  is  situated  a  short  distance 
farther  downstream.  The  present  chain  gage  is  a  few  feet  upstream 
from  the  cable.  In  September,  1909,  the  state  engineer  established 
a  Bristol  self-recording  gage  near  the  location  of  the  chain  gage,  but 
with  a  datum  2  feet  liigher.  Both  gages  have  been  read  since  that 
time.     Measurements  are  made  from  a  cable. 

As  the  stream  bed  is  rough  it  is  difficult  to  obtain  very  accurate 
measurements  at  high  stages.  Moreover,  the  channel  is  subject  to 
considerable  shifting,  which  makes  the  estimates  of  daily  discharge 
rather  uncertain,  especially  after  violent  flood. 

Discharge  measurements  of  Arkansas  River  at  Canon  City,  Colo,,  in  1909. 


Date. 


May  6a 

June  10 

June  28 

July  21 

August  9 

August  21 

September  1 

Septeml)er  16... 
September  18... 

OetolMjrll 

October  14 

November  4 

November  23... 
Decemlier  15*.. 
December  21 6. . 


Ilydrographer. 


W.  B.  Freeman 

Freeman,  Lyon,  and  Orieve. 

W.  B.  Freeman 

Lyon  and  Russell 

Thos.  Grieve 

G.H.RusseU 

C.  L.  Chatfleld 

do 

G.H.Russell 

Thos.  Grieve 

G.H.  Russell 

Chatfleld  and  Grieve 

G.H.RusseU 

C.L.  Chatfleld 

G.H.RusseU 


Width. 


Feet. 
88 
106 
H16 
100 


08 
100 


100 
06 
96 

117 
97 


45 


Area  of 
section. 


af.ft. 
152 
423 
443 
289 
232 
223 
212 
284 
235 
196 
192 
188 
180 
143 
81 


Gage 
hei^t 


Feet. 
3.40 
6.15 
6.40 
6.00 

.♦« 

'  4.75 
5.10 
4.95 
4.30 
4.20 
4.13 
4.10 
3.95 
3.65 


Dis- 
charge. 


2,870 

3,000 

1,530 

882 

1,060 

1,^10 

1,310 

1,220 

735 

680 

681 

550 

427 

276 


a  Wading  measurement.  *  Ice  along  edges. 

Daily  gage  height^  in  feet y  of  Arkansas  River  at  Canon  Cityy  Colo,  y  for  1909, 
[S.  R.  McKlsslck,  observer.] 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

4.7 
4.7 
4.6 
4.2 
4.25 

4.15 

4.15 

4.4 

4.25 

4.2 

Sept 

Oct. 

Nov. 

Dec. 

1 

3.15 

3.0 

3.05 

3.1 

3.2 

3.35 
3.45 
3.55 
3.65 
3.75 

4.65 

4.6 

4.7 

5.2 

5.7 

5.75 

5.95 

6.1 

6.96 

6.06 

6.25 

6.4 

6.4 

6.7 

7.0 

6.5 
5.9 
5.9 
5.75 
5.6 

4.8 

4.8 

4.65 

4.7 

5.46 

6.4 

6.0 

6.05 

6.0 

6.8 

4.3 
4.2 
4.2 
4.2 
4.25 

4.3 

4.35 

4.35 

4.35 

4.3 

4.0 
4.1 

4.1 
4.0 
3.9 

3.9 

3.86 

3.8 

3.8 

3.9 

4.1 

2                        

4.1 

3 ::::::::::::::::::::::::: 

4.1 

4 

4.0 

5  

3.9 

6 

3.9 

7 

4.0 

8                 

4.0 

9 

4.05 

10 



4.1 

Digitized  by 


Google 


LOWER  MISSISSIPPI  BASIN.  45 

Daily  gage  height,  in  feet,  o/Arkamas  River  at  Canon  City,  Colo.,  for  1909— Continued. 


Day. 


11. 
12. 
13. 

14. 
15. 

16. 
17. 
18. 
19. 
20. 


23- 
34. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


Apr. 


3.45 

3.3 

3.2 

3.15 

3.1 

3.1 

3.1 

3.15 
3.2 
3.25 
3.2 


May. 


4.05 
4.05 
4.0 
4.0 
4.0 

3.0 
4.0 
4.0 
4.1 
4.25 

4.35 

4.35 

4.5 

4.5 

4.5 

4.4 
4.5 
4.7 
4.85 
4.8 
4.65 


Jane. 


6.25 

6.35 

6.55 

6.3 

5.05 

5.9 
6.05 
6.65 
7.05 
7.25 

6.65 
6.25 
6.15 
6.85 
6.7 

6.45 
6.45 
6.35 
6.35 
6.4 


July. 


5.5 

5.25 

5.05 

4.85 

4.85 

4.95 
4.8 
4.75 
4.7 
4.65 

4.85 
6.3 
5.05 
5.2 
5.4 

5.15 

5.2 

5.1 

5.1 

4.95 

4.75 


Aug. 


4.25 

4.1 

4.4 

4.2 

4.5 

4.25 
5.35 
7.95 
6.2 
4.55 

4.95 
4.6 
4.3 
4.3 
4.6 

4.4 

4.4 

4.3 

4.45 

4.5 

4.75 


Sept. 


5.35 
6.25 
5.45 
5.3 
5.2 

5.1 
5.0 
4.9 
4.8 
4.76 

4.5 
4.5 
4.5 
4.5 
4.45 

4.4 
4.4 

4.3 
4.3 
4.3 


Oct. 


4.3 

4.3 

4.2 

4.15 

4.1 

4.1 
4.1 
4.1 
4.1 
4.0 

4.0 
4.1 
4.2 
4.2 
4.2 

4.1 

4.1 

4.1 

4.05 

4.0 

4.0 


Nov. 


3.9 
3.9 
3.9 
3.9 
4.0 

4.0 
3.95 
4.0 
4.05 
4.0 

4.15 
4.1 
4.1 
4.1 

4.1 

4.05 
4.05 
4.05 
4.06 
4.1 


Dec. 


4.1 

4.0 

4.05 

4.1 

4.0 

4.0 
4.0 
3.7 
3.6 
3.G 

3.6 

3.75 

4.06 

4.1 

4.0 

4.0 

4.1 

4.1 

4.1 

4.05 

4.15 


Note.— Probable  ice  conditions  December  4  to  31. 
Daily  discharge,  in  second-feet,  of  Arkansas  River  at  Canon  City,  Colo.,  for  1909, 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

292 
236 
254 
273 
311 

370 
410 
462 
497 
644 

712 
712 
680 
680 
680 

622 
680 
680 
743 

848 

023 

923 

1,040 

1,040 

1,040 

962 
1,040 
1,220 
1,370 
1,320 
1,180 

1,180 
1,130 
1,220 
1,740 
2,320 

2,380 
2,620 
2,800 
2,620 
2,740 

3,000 
3,120 
3,300 
3,060 
2,620 

2,560 
2,740 
3,520 
4,060 
4,320 

3,620 
3,000 
2,870 
3,790 
3,590 

3,260 
3,260 
3,120 
3,120 
3,190 

3,000 
3,190 
3,190 
3,590 
3,990 

3,320 
2,560 
2,560 
2,380 
2,200 

2,080 
1,790 
1,570 
1,370 
1,370 

1,470 
1,320 
1,270 
1,220 
1,180 

1,370 
1,850 
1,570 
1,740 
1,960 

1,680 
1,740 
1,630 
1,630 
1,470 
1,270 

1,220 

1.220 

1,040 

811 

848 

777 
777 
962 
848 
811 

848 
743 
962 
811 
1,040 

810 
1,960 
5,400 
3,030 
1,000 

1,390 

1,040 

790 

800 

1,060 

900 
910 
840 
980 
1,040 
1,300 

1,360 
1,350 
1,170 
1,190 
2,040 

3,260 
2,700 
2,740 
2,630 
2,320 

1,730 
1,580 
1,790 
1,580 
1,440 

1,310 
1,240 
1,170 
1,070 
1,030 

810 
810 
820 
820 
790 

760 
760 
600 
690 
600 

605 
620 
625 
630 
670 

710 
755 
760 
765 
726 

729 
729 
652 
618 
583 

583 
553 
683 
583 
520 

520 
583 
652 
652 
662 

583 
583 
583 
552 
520 
620 

520 
683 
583 
520 
464 

464 
438 
412 
412 
464 

464 
464 
464 
464 
520 

520 
492 
520 
562 
520 

618 
583 
683 
583 
583 

652 
662 
652 
652 
683 

583 

2 

683 

3 

583 

4 

652 

5 

400 

6 

400 

7 

455 

8   .«  .*»... 

465 

9    .  *..*. 

484 
612 

10 

11 

612 

12 

455 

13 

484 

14 

612 

15 

465 

16 

456 

17 

465 

18 

300 

19 

265 

20 

410 

350 
311 
292 
273 
273 

273 
292 
311 
330 
311 

256 

21 

256 

22 

240 

23 

280 

24 

280 

25 

280 

28 

280 

27   

280 

28 

280 

20 

280 

30 

280 

31. .» 

280 

Note.— These  diacharges  are  based  on  rating  curves  applicable  as  follows:  April  20  to  August  15,  well 
defined  below  3,000  second-feet;  August  16  to  Octot>er  10,  Indirect  method  for  shifting  channels;  Octol)er  U 
to  December  4,  fairly  well  defined;  December  6  to  December  21,  based  on  measurements  under  slight  ice 
oonditkMia;  December  22  to  31,  estimated  on  aocount  of  ice  conditions. 
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Monthly  discharge  of  Arkansas  River  at  Canon  City^  Colo,  y  for  1909. 


Month. 


Discharge  in  seoond-feet. 


Maximum.   Minimum.      Mean, 


April  (20-30).. 

June 

July 

August 

September 

October 

November 

December 


The  period. 


410 

1,370 

4,320 

3,900 

5,400 

3,260 

765 

618 

612 


273 
236 
1,130 
1,180 
743 
690 
520 
412 
240 


311 

733 

2,860 

2,020 

1,190 

1,410 

623 

519 

402 


Run-off 
(total  in 
acre-feet). 


6,790 
45,100 
170,000 
124,000 
73,200 
83,900 
38,300 
30,900 
24,700 


597,000 


Accu- 
racy. 


ABKANSAS  BIVBB  AT  PUEBLO,  COLO. 

This  station  was  established  September  30,  1894,  at  the  Santa  Fe 
Avenue  Bridge,  Pueblo,  Colo.  On  July  10,  1898,  another  gage  was 
established  on  the  east  side  of  Main  Street  Bridge,  which  was  used  until 
March  3,  1900.  Then  a  staff  gage  fastened  to  the  retaining  wall,  a 
short  distance  below  the  Union  Avenue  Bridge,  was  used  to  July  14, 
1902.  From  July  14,  1902,  until  July  7,  1905,  readings  were  taken  at 
a  rod  gage,  having  a  different  datum,  located  just  above  this  bridge. 
The  present  chain  gage  on  the  Main  Street  Bridge  has  been  in  use 
since  July  7,  1905.     Measurements  are  made  from  this  bridge. 

As  this  station  is  near  the  head  of  the  principal  irrigated  portion 
of  the  Arkansas  Valley  and  above  the  head  gates  of  the  larger  canals, 
the  data  are  especially  valuable  to  water  superintendents  and  the 
State  water  commissioners  in  making  distribution  of  water  to  the 
canals  below. 

No  important  tributaries  enter  within  several  miles  above  the 
station.  Fountain  Creek  enters  just  below,  and  the  Huerfano,  the 
most  important  tributary  in  that  vicinity,  comes  in  about  20  miles 
below. 

At  various  points  above  this  station  water  is  diverted  for  the  irri- 
gation of  about  70,000  acres  of  land.  The  diversion  for  the  Pueblo 
water  supply  also  takes  out  above.  Additional  filings  for  irrigation 
above  this  station  on  the  Arkansas  are  impossible,  except  for  storage 
on  some  of  the  minor  tributaries. 

Slush  and  flowing  ice  are  usually  found  at  this  station  during  the 
winter  months  and  sometimes  the  river  is  frozen  over  or  affected  by 
ice  jams  below,  but  the  results  are  rarely  influenced  by  ice  conditions 
for  more  than  two  months  during  the  year.  As  noted  above,  numer- 
ous changes  have  been  made  in  the  datum  of  the  gage. 

Very  good  measurements  can  be  obtained  at  this  point,  although 
the  channel  sometimes  shifts  considerably  during  floods. 
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Discharge  measttrements  of  Arkansas  River  at  Pueblo ^  Colo.j  in  1909. 
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Pate. 


Hydrograi>her. 


Width. 


Area  of 
section. 


height. 


Dis- 
charge. 


Mays 

May  23 

Jane  5 

June  10 

June  24 

July  16 

July  22 

July  23 

.July  30 

August? 

August  25 

September  16... 
September  17.. 

October? 

October  15 

October  18 

Novembers... 
November  24.. 
December  16.. 
December  21  a.. 


W.  B.  Freeman.. 

G.J.  Lyon 

do 

W.  B.  Freeman.. 

....do 

Thoe.  Grieve 

G.  H.  Russell.... 

Thoe.  Grieve 

do 

....do 

G.  H.  RusseU.... 
C.  L.  Chatfleld... 

do 

Thos.  Grieve 

do 

G.  H.  Russell.... 
C.  L.  Chatfleld... 
G.  H.  Russell.... 
C.  L.  Chatfleld.. 
G.H.Russell.... 


Feet. 
6? 
150 
150 
152 
152 


150 


146 
151 
150 
151 
150 
148 
79 
145 


111 


Sq.fL 


432 
439 
47? 
312 
306 
331 
346 
196 
266 
366 
34? 
262 
221 
213 
168 
18? 
181 
128 


Feet. 
1.74 
3.20 
3.95 
4.35 
4.64 
3.38 
3.56 
3.52 
3.65 
2.63 
3.18 
3.72 
3.60 
3.00 
2.76 
2.70 
2.49 
2.65 
2.52 
2.56 


8ec.-ft, 

106 

1,060 

2,310 

2,470 

2,610 

1,280 

1,370 

1,370 

1,580 

648 

980 

1,710 

1,590 

949 

606 

686 

494 

696 

667 


a  Ice  conditions. 

Daily  gage  height^  in  feet,  of  Arkansas  River  at  Pueblo,  Colo, ,  for  1909. 
[D.  J.  Cox,  observer.] 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

I 

2.2 

2.05 

2.0 

1.9 

1.85 

1.9 
2.0 
2.2 
2.3 
2.36 

2. 65 
2.75 
2.8 
2.8 
2.8  • 

2.7 
2.6 
2.6 
2.7 
2.85 

3.15 

3.2 

3.2 

3.3 

3.2 

3.1 

3.1 

3.2 

3.4 

3.45 

3.35 

3.3 

3.26 

3.25 

3.6 

4.1 

4.65 
4.55 
4.65 
4.55 
4.3 

4.6 

4.7 

4.7 

5.05 

4.35 

4.25 
4.25 
4.65 
6.45 
5.56 

6.46 

4.6 

4.46 

4.8 

6.3 

4.86 

4.65 

4.7 

4.75 

4.7 

4.65 

4.75 

4.66 

4.7 

4.9 

6.45 

4.4 

4.2 

4.05 

4.0 

3.86 

3.65 

3.5 

3.6 

3.3 

3.4 

3.55 

3.36 

3.25 

3.2 

3.1 
3.7 
3.6 
4.7 
4.0 

3.8 

3.66 

3.7 

3.75 

3.6 

3.2 

3.3 

3.3 

3.3 

2.95 

2.95 

2.8 

2.75 

2.75 

3.1 

2.9 

2.9 
2.9 
2.9 
3.2 
3.4 

2.96 
3.26 
6.05 
4.66 
4.05 

3.4 

4.66 

2.9 

2.8 

3.0 

2.96 
3.0 
3.0 
3.0 
3.15 
3.15 

3.36 

3.4 

3.3 

4.2 

4.3 

4.8 

4.C5 

5.1 

6.0 

4.8 

4.1 

4.0 

4.1 

4.05 

3.85 

3.66 
3.65 
3.56 
3.65 
3.45 

3.35 

3.3 

3.3 

3.3 

3.3 

3.1 

3.1 

3.06 

3.0 

2.96 

2.96 

2.9 

2.9 

2.9 

2.9 

2.9 
3.0 
3.1 
3.1 
3.0 

3.0 
3.0 
3.0 
2.9 
2.86 

2.8 
2.7 
2.7 
2.7 
2.7 

2.66 

2.6 

2.7 

2.7 

2.7 

2.6 
2.6 
2.6 
2.6 
2.6 
2.6 

2.6 
2.6 
2.6 
2.7 
2.55 

2.6 
2.6 
2.6 
2.5 
2.5 

2.6 

2.56 

2.6 

2.6 

2.6 

2.6 
2.6 
2.6 
2.6 
2.6 

2.66 

2.7 

2.66 

2.6 

2.6 

2.6 

2.5 

2.56 

2.6 

2.6 

2.6 

.2 

2.6 

3 

2.6 

4 



2.7 

5 



2.6 

6 

2.6 

7 

2.6 

8 

2.65 

9 

2.6 

10 

2.7 

11       

2.7 

12 

2.6 

13  .     

-  2.7 

14 

2.6 

15 

2.6 

16 

2.6 

17 

2.6 

18 

1.96 

19 

2.0 

20 

2.3 

2.3 

2.3 

2.4 

2.36 

2.3 

2.0 

2.0 

2.05 

2.1 

2.15 

2.35 

21 

2.6 

22 

2.75 

23 

3.2 

24 

3.4 

25 

3.6 

26 

3.05 

27 

3.15 

28 

3.3 

29 

3.16 

30 

3.2 

31 

3.3 

N9TE. — ProU^ble  ioe  ponditions  December  21  to  31. 
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Daily  discharge^  in  second-feet^  of  Arkansas  River  at  Pueblo^  Colo.,  for  1909, 


Day. 


Apr. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 ' 

14 

15 

16 

17 

18 

19 

20 

355 

21 

355 

22 

355 

23 

415 

24 

385 

26 

355 

26 

205 

27 

205 

28 

228 

29 

250 

30 

275 

31 

May. 


300 
228 
205 
1G5 
145 

165 
205 
300 
355 
385 


665 
705 
705 
705 

625 
550 
550 
625 
748 

1,020 
1,080 
1,080 
1,180 
1,080 

975 
975 
1,080 
1,280 
1.340 
1,130 


June. 


1,180 
1,120 
1,120 
1,390 
2,120 

2.850 
2,710 
2,850 
2,710 
2,380 

2,780 
2,920 
2,920 
3,420 
2,440 

2,310 
2,310 
2.850 
4,000 
4,160 

4,000 
2,780 
2,570 
3,060 
3,780 

3,130 
2,850 
2,920 
2,990 
2,920 


July. 


2,850 
2,990 
2,850 
2,920 
3,200 

4,000 
2,500 
2,240 
2,050 
1,990 

1,800 
1,560 
1,390 
1,390 
1,180 

1,280 
1,450 
1,230 
1,120 
1,080 

975 
1,620 
1,500 
2,920 
1,990 

1,740 
1,560 
1,620 
1,680 
1,500 
1,080 


Aug. 


1,180 

1,180 

1,180 

835 

835 

705 
665 
665 
975 
790 

790 

790 

790 

1,080 

1,280 

835 
1,120 
4.920 
2,850 
2,050 

1,280 

2,710 

790 

705 


835 


880 
1,020 
1,020 


Sept. 


1,230 
1.280 
1.180 
2,240 
2,380 

3,060 
2,850 
3,500 
3,350 
3,060 

2,120 
1,990 
2,120 
2,050 
1,800 

1,560 
1,560 
1,450 
1,560 
1,340 

1,230 
1,180 
1,180 
1,180 
1,180 

975 
975 

928 
880 
835 


Oct. 


835 
790 
790 
790 
790 

790 
880 
975 
975 
880 


790 

748 

705 
625 
625 
625 
625 


550 
625 
625 
625 

550 
550 
550 
550 
550 
550 


Nov. 


550 
550 
550 
625 
515 

480 
550 
550 
480 
480 

480 
515 
550 
550 
550 

550 
550 
550 
550 
550 

588 
625 
588 
550 
480 

480 
480 
615 
550 
650 


Dec. 


550 
550 
550 
625 
480 

480 
480 
515 
550 
625 

625 
550 
625 
550 
550 

560 
550 
185 
205 
385 


320 
320 
320 
320 

320 
320 
320 
320 
320 
320 


Note.— The  above  discharges  are  based  on  a  rating  curve  which  Is  fairly  well  defined  between  415  and 
1,990  seoond-feet.    Ice  conditions  December  21  to  31;  flow  estimated. 

Monthly  discharge  of  Arkansas  River  at  Pueblo,  Colo.,  for  1909, 


Month. 


April  20-3e. 

May 

June 

July 

August 

September.. 

October 

November. . 
December. . 


The  period. 


Discharge  in  second-feet. 


Maximum.  Minimum. 


415 

1,340 

4,160 

4,000 

4,920 

3,500 

975 

625 

625 


205 
145 
1,120 
975 
665 
835 
550 
480 
185 


Mean. 


308 

682 

2,720 

1,910 

1,210 

1,740 

716 

538 

440 


Run-off 
(total  in 
acre-feet). 


6,720 
41,900 
162,000 
117,000 
74,400 
104,000 
44,000 
32,000 
27,100 


609,000 


Accu- 
racy. 


AKKANSAS  BIVEB  AT  LAS  AKQiAS,  COLO. 

On  May  13,  1898,  a  station  was  established  at  a  wagon  bridge  about 
half  a  mile  north  of  Las  Animas.  A  rod  gage  was  fastened  to  one  of 
the  bridge  jners.  No  continuous  records  were  obtained,  as  the  gage 
has  only  been  read  occasionally  and  but  few  discharge  measurements 
made.  On  August  1, 1909,  the  station  was  reestablished  by  the  State 
engineer  of  Colorado.  It  is  beUeved  the  same  gage  was  used  and  that 
the  datum  remained  unchanged.    The  bed  of  the  stream  is  very 
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shifting,  and  owing  to  the  skew  of  the  bridge  measurements  must  be 
made  by  wading  at  various  sections.  The  station  is  of  no  value  for 
high-water  measurements. 

Available  data   are  insuflBcient   to   warrant   estimates   of   daily 
dischai^e. 

Discharge  measurements  of  Arkansas  River  at  Las  Animas,  Colo.,  in  1909, 


Date. 

Hydrographer. 

Area  of 
section. 

Gace 
heil^t. 

Dis- 
charge. 

August  1 

Thos.  Grieve 

31 
G9 

Fut, 
1.80 
1.50 
1.65 

Sec.'ft. 
117 

August  3 

do 

53 

November  10 

C.  L.  Chatfleld 

119 

Note.— Measurements  made  by  wading  below  the  bridge. 

Daily  gage  heigJit,  in  feet,  of  Arkansas  River  at  Las  Animas ,  Colo.,  for  J  909. 


[S.  W.  Dobbins,  observer.] 

Day. 

Aug. 

Sept 

Oct. 

Day. 

Aug. 

Sept. 

Oct. 

Day. 
21 

Aug. 

Sept. 

Oct. 

1 

1.8 
1.9 
2.0 
2.8 
2.5 

ao 

4.5 

4.6 
6.3 

5.8 

1.6 
1.6 

11 

0.9 

.7 

.8 

1.0 

1.5 

1.4 
1.5 
3.3 
3.0 
6.0 

4.6 
4.2 
3.2 
4.0 
4.2 

3.1 
2.2 
2.0 
2.0 
2.1 

4.4 
3.6 
2.5 
1.5 
1.5 

1.6 
1.6 
1.9 
1.7 
1.5 
1.6 

2  0 
2.0 
1.9 
1.9 
1.7 

1.7 
1.8 
1.8 
1.7 
1.7 

2 

12 

22 

3 

13 

23 

4 

0.5 
.5 

.6 
.6 
.7 
.8 
.8 

14 

24 

5 

15 

25, 

6 

16 

28 

7 

17 

27 

8 

18 

28 

9 

19 

29  .. 

10 

20 

30 

31  . 

AKEANSAS  BIVEB.  AT  HOLLY,  COLO. 

This  station,  which  was  established  October  15,  1907,  is  located 
at  the  pile  highway  bridge  one-half  mile  southeast  of  Holly,  Colo., 
about  4  miles  above  the  Colorado-Kansas  line. 

As  no  important  diversions  are  made  between  the  two  points  the 
data  obtained  at  this  station  have  special  value  as  showing  the 
amoxmt  of  surface  water  passing  from  Colorado  to  Kansas. 

The  station  is  just  above  the  mouth  of  Wild  Horse  Creek  and 
about  1  mile  below  the  mouth  of  Two  Butte  Creek.  The  drainage 
area  is  about  25,000  square  miles. 

As  nearly  half  a  million  acres  of  land  are  under  irrigation  above 
this  point  most  of  the  ordinary  flow  of  the  stream  is  diverted  during 
the  irrigation  season,  while  during  the  winter  months  it  is  used  to 
fill  up  the  numerous  storage  reservoirs  in  the  basin.  Except  during 
periods  of  heavy  flood,  the  flow  at  Holly  consists  chiefly  of  return 
waters.    The  stream  flow  is  Uttle  affected  by  ice. 

The  gage  heights  here  published  have  all  been  referred  to  the  same 
datum,  though  a  rod  gage  at  a  different  datimi  was  used  during  part 
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of  1908.     During  high  stages  measurements  are  made  from  highway 
bridge  and  during  low  stages  by  wading  at  miscellaneous  sections. 

Fairiy  good  measurements  can  be  taken  at  this  point,  but  in  order 
to  obtain  accurate  records  of  daily  discharge  it  is  necessary  to  take 
them  frequently  on  account  of  the  extremely  shifting  character  of 
the  channel. 

Discharge  measturements  of  Arkansas  River  at  Holly ^  Colo.,  in  1909. 


Date. 


Hydrographer. 


Width. 


Ffet. 


G.J.  Lyon 37 

23 
22 


April  17  a.. 

May  8a do. 

May  30a ' do 

July  10 1 do 284 

August  13  a I do 7.5 

August  26 1  G.  H.  Russt'll 211 

September  6.... I  C.  L.  Chatfleld 251 

November  10  a. ' do 106 

December 31 6..!  G.U.Russell 206 


Area  of 
section. 


Sq.fed. 
9.7 
8.6 
6.4 

243 
8.6 

225 

266 
54 

207 


Feet, 

0.13 

.20 

.15 

1.47 

.30 

1.90 

1.90 

1.25 

2.20 


Dis- 
charge. 


12.5 
5.4 
409 

7.1 
500 
706 
90 
431 


a  Made  by  wading.  ^  Ice  conditions.    Made  by  wading. 

Daily  gage  height  j  in  feet  j  of  ArhoTtsas  River  at  Holly ^  Colo.,  for  1909, 
(8.  W.  Jones,  observer.l 


Day. 


1. 
2. 
3. 
4. 
5, 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15, 

16. 
17. 
18. 
19. 
20. 

21. 
22, 
23. 
24. 
25. 

26. 
27, 
28 
29 
30 
31 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

0.45 

0.5 

0.3 

0.5 

0.25 

0.2 

0.9 

1.1 

0.9 

1.5 

1.2 

.45 

.5 

.4 

.2  . 

.1 

.9 

1.1 

.8 

1.45 

1.25 

.45 

.45 

.4 

.2 

.1 

.8 

1.05 

.8 

1.5 

1.3 

.45 

.4 

.4 

.2 

.1 

.8 

.9 

.8 

1.4 

1.25 

.4 

.3 

.4 

.2 

.1 

.7 

.8 

.7 

1.45 

1.25 

.4 

.3 

.4 

.2 

.15 

.6 

.8 

1.0 

1.35 

1.15 

.4 

.3 

.4 

.2 

.15 

1.9 

.7 

3.45 

1.55 

1.1 

.4 

.3 

.3 

.2 

.15 

2.5 

.6 

4.8 

1.65 

1.2 

.4 

.3 

.3 

.2 

1.1 

1.65 

.5 

4.1 

1.5 

1.25 

.4 

.4 

.3 

.2 

1.1 

1.45 

.4 

3.9 

1.55 

1.25 

.4 

.45 

.3 

.2 

.9 

1.3 

.3 

3.7 

1.5 

1.3 

.55 

.45 

.3 

.2 

1.0 

1.05 

.35 

3.75 

1.45 

1.3 

.6 

.4 

.25 

.2 

1.1 

.9 

.3 

2.8 

1.45 

1.5 

.6 

.4 

.6 

.2 

.2 

1.15 

1.3 

.15 

3.95 

1.45 

1.5 

.6 

.6 

.6 

.2 

.1 

3.05 

.85 

.4 

4.4 

1.3 

1.6 

.6 

.9 

.6 

.15 

.15 

2.8 

.8 

1.05 

3.5 

1.3 

1.35 

.6 

.9 

.6 

.15 

.15 

2.2 

.8 

1.0 

2.9 

1.3 

1.66 

.6 

.9 

.6 

.15 

.15 

2.25 

.8 

.9 

2.55 

1.25 

1.5 

.6 

.9 

.6 

.15 

.15 

1.75 

.65 

2.15 

2.25 

1.15 

1.46 

.55 

.9 

.5 

.2 

.2 

1.4 

.6 

3.9 

2.15 

1.25 

1.4 

.55 

.9 

.5 

.2 

.2 

1.2 

.6 

5.25 

2.0 

1.2 

1.66 

.55 

.8 

.4 

.25 

.15 

1.4 

.6 

2.7 

1.95 

1.25 

1.76 

.6 

.65 

.4 

.25 

.15 

1.75 

3.25 

1.35 

1.75 

1.25 

1.8 

.6 

.5 

.55 

.25 

.2 

1.7 

2.75 

2.2 

1.3 

1.2 

1.6 

.5 

.5 

.6 

.25 

.25 

1.7 

2.1 

2.1 

1.6 

1.1 

1.55 

.5 

.5 

.55 

.25 

.2 

1.45 

1.5 

1.9 

1.35 

1.15 

1.55 

.5 

.4 

.5 

.25 

.2 

1.1 

2.2 

2.05 

1.7 

1.2 

1.4 

.5 

.4 

.5 

.3 

.15 

1.0 

1.6 

1.65 

1.75 

1.15 

1.45 

.5 

.5 

.35 

.15 

1.0 

1.85 

1.4 

1.66 

1.15 

1.6 

.5 

.5 

.3 

.15 

1.0 

1.36 

1.15 

1.55 

1.15 

1.6 

.5 

.5 

.15 

1.15 

.9 

1.2 

Dec. 


1.6 
1.56 
1.66 
1.6 
1.6 

1.56 

1.5 

1.6 

1.66 

1.8 

1.9 
1.76 
1.86 
1.86 
1.8 

2.06 

2.16 

2.15 

2.1 

2.0 

1.9 
2.0 
2.2 
2.15 
2.06 

2.06 
2.16 
1.86 
2.16 
2.16 
2.2 
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GBAFB  CBEBK  AND  DB  WBSSB-DYB  DITCH  NBAB  CANON  CITY, 

COLO. 

This  station  was  established  July  24,  1907,  primarily  to  determine 
the  amount  of  jBood  waters  available  for  storage.  Two  gages  have 
been  used,  which  have  been  called  the  upper  and  the  lower  gages. 
The  lower  gage  was  established  because  of  its  accessibility.  It  is 
located  about  150  yards  above  the  jimction  of  the  creek  with  Arkan- 
sas River,  some  distance  below  the  head  of  the  De  Wesse-Dye  ditch, 
which  has  a  capacity  of  about  25  second-feet.  The  upper  gage  is 
located  about  li  miles  above  the  mouth  of  the  stream,  and  200 
yards  above  the  headgates  of  the  De  Wesse-Dye  ditch.  At  high 
water  discharge  measurements  are  made  at  the  upper  gage  from  a 
car  and  cable  equipment  and  the  discharge  of  the  De  Wesse-Dye 
ditch  is  subtracted  to  show  the  jBow  past  the  lower  gage. 

No  important  tributaries  enter  below  the  upper  gage.  Pine  Creek 
enters  a  few  miles  above. 

Considerable  irrigation  is  practiced  above  this  station  in  the  vicinity 
of  Silver  Cliff,  and  a  storage  reservoir  is  also  used  to  regulate  the 
supply  of  water  for  the  De  Wesse-Dye  ditch. 

No  change  has  been  made  in  the  datum  of  either  gage  since  the 
station  was  established.  During  1909  the  lower  gage  was  not  used 
but  gage  readings  were  made  by  means  of  a  Friez  automatic  gage 
at  the  same  datum  and  near  the  location  of  the  upper  rod  gage. 

High  velocities,  the  character  of  the  stream  bed,  and  the  shifting 
nature  of  the  channel  during  flood  make  it  difficult  to  obtain  accurate 
measurements.  Moreover,  the  stream  is  subject  to  very  rapid  rises 
and  subsides  just  as  suddenly,  so  that  an  automatic  register  is  neces- 
sary to  record  the  changes  in  the  gage  heights. 

The  flow  is  usually  very  small  during  the  winter  months  except 
when  a  flood  occurs,  so  that  ice  conditions  have  very  little  influence 
on  the  flow.  The  drainage  area  at  the  mouth  is  545  square  miles, 
the  elevation  ranging  from  14,000  feet  above  sea  level  at  headwaters 
to  5,500  feet  at  the  mouth. 


Discharge  meamremenU  of  Grape  Creek  near 

Canon  City, 

Colo.y  in 

1909. 

Date. 

Hydrographer, 

Width. 

Area  of 
section. 

hei^t. 

Dis- 
charge. 

May  6a 

June  28 

W.  B.  Freeman 

Feet. 
24 

%?• 

Feet. 
0.60 

Sec.-rt. 
23 

.do 

C42.5 

July2la 

Atuniat21a. . 

G.  H.  Rumell 

18.6 

15.6 

23 

14 

16.6 

24 

10 

11 

7.2 
29 

9.8 
12.4 
25.5 
12 

1.0 
.90 
3.0 
1.2 

i.oe 

2.15 
1.20 

31 

.do       

21.7 

September  18.. 
October  14  o 

do 

232 

do                        

30.9 

November  4  o . . 

Chatfleld  and  Grieve 

38.9 

November  24... 

G.  H.  Rueeell 

121 

December  22  &. . 

do 

19 

a  Made  by  wadinc. 

t»  Ice  effect.    Wading  measurement. 

c  Discharge  obtained  by  separate  measurements  of  Grape  Creek  and  De  Wesse-Dye  ditch. 
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DaHy  gage  heighty  infeetf  of  Grape  Creek,  near  Canon  City,  Colo.,  for  1909, 
[R.  L.  Proctor,  observer.] 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2 

. 

3 

4 

0.92 
.92 

.92 
.91 
1.10 

1.08 

6 

6 

0.60 

7 

8 

9 

10 

.80 

11 

12 

13 

14 

1.30 

16 

16 

17 

18 

3.00 

19 

20 

1 

21  

1.00 

1.00 

1.02 

.08 

.98 

.96 
.96 
.94 
.95 

.90 

22 

1.20 

23  

24 

2.15 

25 

26   

27 

28     

, 

29 

1 

30 

1 

31 

1 

1 

PUBGATOBY  BIVEB  DBAINAGE  BASIN. 
DESCRIPTION. 

Purgatory*  River,  the  principal  tributary  of  Arkansas  River  in 
Colorado,  rises  in  the  Culebra  Mountains  and  flows  northeastward 
across  the  plains  for  a  distance  of  165  miles.  In  the  spring  the  chan- 
nel carries  a  moderate  volume  of  water,  but  as  summer  approaches 
this  is  greatly  diminished  by  irrigation  and  natural  conditions  imtil 
the  channel  is  practically  dry.  The  volume  of  water  contributed  to 
the  Arkansas  is  so  small  that  it  has  no  appreciable  effect  on  the  dis- 
charge of  that  river  except  at  times  of  excessive  rainfall,  when  it  may 
discharge  a  large  volume  for  a  short  time. 

The  drainage  basin  of  Purgatory  River  is  long  and  narrow.  The 
total  area  is  3,400  square  miles.  The  742  square  miles  lying  above 
Trinidad  are  moimtainous  and  the  surface  is  much  broken  by  stream 
channels,  which  are  normally  dry.  The  lower  basin  is  foothill  coun- 
try, merging  into  rough  plains  farther  east.  Drainage  lines  are  well 
defined  throughout  part  of  the  area.     For  60  miles  of  its  length,  com- 

1  This  stream  is  often  termed  Las  Animas,  especially  along  its  lower  course,  and  sometimes  It  is  called 
Picket  Wire.    It  is  sometimes  spelled  Purgatoire. 
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mencing  25  miles  below  Trinidad,  Piirgatory  River  flows  in  a  deep 
canyon.  Many  small  tributary  canyons  enter  at  various  angles  to 
the  main  channel. 

In  the  mountainous  portion  the  Weather  Bureau  records  at  Clear- 
view  for  fifteen  years  give  a  mean  annual  rainfall  of  23  inches;  at 
Trinidad,  ten  years'  record,  17  inches.  The  plains  drainage  has 
approximately  a  mean  annual  precipitation  of  12  inches. 

No  storage  is  practiced  on  this  stream,  though  investigations  are 
being  made  by  a  corporation  with  the  purpose  of  constructing  a  large 
storage  reservoir  for  use  in  irrigation.  No  power  has  been  developed, 
and  because  of  the  abundance  of  coal  in  the  vicinity  of  Trinidad  it  is 
doubtful  if  power  development  would  be  feasible,  even  imder  very 
favorable  circumstances. 

The  basin  contains  about  100  square  miles  of  merchantable  timber 
land  and  a  small  amoimt  of  woodland,  all  of  which  is  included  in  the 
Las  Animas  National  Forest. 

Some  20,000  acres  of  land  are  now  being  irrigated  along  Purgatory 
River. 

PUEGATOBY  BIVEB  AT  TBINIDAD,  COLO. 

This  station  has  been  maintained  at  the  Animas  Street  Bridge, 
Trinidad,  Colo.,  from  May  1,  1896,  to  July  31,  1899;  from  August  25, 
1905,  to  December  31,  1905;  from  November  7,  1906,  to  March  10, 
1907;  and  from  October  14,  1907,  to  date. 

The  records  furnish  information  as  to  flood  discharge  and  are 
valuable  also  for  irrigation  projects. 

The  South  Fork  joins  the  upper  Purgatory  about  14  miles  above 
Trinidad.  Chaquaqua  River,  the  first  important  tributary  below, 
enters  about  60  miles  below  Trinidad.  Considerable  water  is  being 
diverted  for  irrigation  above  the  station  and  some  below.  No  power 
has  yet  been  developed  from  this  stream. 

The  flow  at  this  point  is  affected  to  some  extent  by  ice  conditions, 
though  the  winter  discharge  is  usually  small. 

The  datum  of  the  present  chain  gage,  which  has  been  used  since 
August  25,  1905,  is  1.70  feet  below  the  datum  of  the  old  rod  gage 
formerly  used.  The  chain  gage  is  located  on  the  upstream  side  of 
the  Animas  Street  Bridge. 

Low-water  measurements  are  usually  made  by  wading.  Measure- 
ments at  higher  stages  are  made  from  the  bridge,  where  conditions 
are  not  favorable.    The  stream  bed  is  shifting  in  character. 
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Discharge  measurements  of  Purgatory  River  at  Trinidad,  Colo.,  in  1909, 


Date. 

Hydrographer. 

1 

'  Width. 

i 

Area  of 
section. 

Gase 
height 

DIs- 
eharge. 

Mayla 

May  22a 

0.  J.  Lyon 

do 

'    FeeL 

33 

56 

::::::;::    U' 

50.4 

48.3 

50 

88 

80 

55 

30 

25.8 

28 

33 

Feet, 
4.40 
4.70 
4.80 
8.60 
4.55 
4.45 
3.80 
3.40 
3.35 
3.35 
3.65 

151 

June  28  a 

do 

167 

July  235 

August  24 

September  8... 
September  16  a. 
Ortober20a.... 

Lyon  and  Russell 

181 

O.H.  Russell 

C.  L.Chatfleld 

Q.  H.  RusseU 

do 

68 

48 

67 

30 

27.8 

20.4 

25 

1 

402 
373 
153 
50.6 

October  29  a.... 
November  25  a. 
December9<'... 

W.  B.  Freeman 

O.H.Russell 

do 

37.3 

34 

28.7 

a  Made  by  wading. 

b  Measurement  not  accurate,  owing  to  poor  conditions. 

e  Made  by  wading.    Ice  conditions. 

Daily  gage  height,  in  feet,  of  Purgatory  River  at  Trinidad,  Colo.,  for  1909, 
[H.  D.  Albertson,  observer.) 


Day. 

May. 

June. 

I 

4.7 

2 

4.65 

3 

4.7 

4 

4.7 

6 

4.8 

6 

4.8 

7 

4.86 

8             

4.9 

g 

4.5 
4.6 

4.65 

4.65 

4.6 

4.6 

4.65 

4.6 
4.6 
4.5 
4.5 
4.65 

4.75 

4.7 

4.7 

4.65 

4.7 

4.7 
4.6 
4.6 
4.7 
4.7 
4.7 

4.9 

10.               

4.95 

11 

5.0 

12 

5.0 

13 

5.0 

14 

5.0 

15 

4.9 

16 

4.8 

17 

4.8 

18 

4.8 

19 

4.85 

20 

4.9 

21 

4.85 

22 

4.8 

23 

4.7 

24 

4.7 

25 

5.4 

26 

4.8 

27 

4.75 

28 

4.8 

29 

5.7 

30 

4.8 

31 

July. 


4.65 

4.6 

6.4 

4.75 

6.3 

6.15 

5.2 

6.7 

6.0 

4.75 

4.0 

4.0 

4.45 

4.1 

5.45 

4.8 
4.6 
4.6 
4.7 
4.5 

6.9 

5.25 

5.0 

6.4 

5.0 

4.8 
4.6 
4.5 
4.3 
4.1 
4.0 


Aug. 


3.8 
3.7 
3.7 
4.7 
3.85 

3.8 

4.9 

3.75 

3.35 

4.4 

4.5 
4.8 
5.2 
6.0 
5.1 

4.85 

7.4 

6.0 

8.0 

4.5 

4.0 
4.0 
3.9 
4.8 
4.1 

4.75 

4.0 

3.9 

3.9 

3.8 

3.85 


Sept. 


3.8 

3.8 

3.85 

4.0 

5.4 

8.0 

5.25 

4.4 

6.3 

4.1 

4.35 

4.4 

4.3 

4.1 

3.95 

3.85 

3.8 

3.8 

3.7 

3.8 

3.8 

3.76 

3.7 

3.65 

3.6 

3.6 
3.6 
3.6 
3.6 
3.55 


Oct. 


3.55 

3.55 

3.6 

3.5 

3.5 

3.5 
3.6 
3.5 
3.6 
3.6 

3.6 

3.45 

3.45 

3.4 

3.4 

3.4 
3.4 
3.4 
3.4 
3.4 

3.4 
3.4 
3.4 
3.4 
3.35 

3.35 

3.35 

8.35 

3.3 

3.3 

3.3 


Nov. 


3.3 
3.3 
3.3 
3.3 
3.3 

3.3 
3.3 
3.3 
3.3 
3.3 

3.3 
3.3 
3.4 
3.4 
3.4 

3.4 
3.4 
3.4 
3.4 
3.4 

3.4 

3.4 

3.35 

3.35 

3.35 

3.3 

3.3 

3.3 

3.35 

3.35 


Dec. 


3.4 

3.4 

3.4 

3.45 

3.45 

3.4 

3.5 

3.85 

3.8 

3.55 

3.65 
3.65 
3.65 
3.65 
3.6 

3.6 
8.6 
8.6 
3.6 
8.6 

8.6 

3.6 

3.6 

3.66 

3.7 

3.85 

4.0 

4.1 

4.0 

4.0 

4.2 


PURGATORY   RIVEB   NEAR  HIGBEE,  COLO. 

For  a  few  months  during  1909  daily  gage  heights  were  taken  on 
Pulsatory  River  by  F.  H.  Whiting,  an  engineer  for  the  Bent-Prowers 
irrigation  district,  about  1  mile  below  the  district  reservoir  site. 

The  rod  gage  is  in  sec.  27,  T.  25  S.,  R.  63  W..  8  or  9  miles  below 
Higbee. 
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Daily  gage  height y  in  feel,  of  Purgatory  River  near  Higbeey  Colo.  ^  for  1909. 


Day. 

Jane. 

July. 

Aog. 

SepL 

1.6 

1.7 

1.36 

2.85 

3.66 

4.15 

6.5 

6.06 

6.3 

4.46 

Day. 

June. 

July. 

Aug. 

Sept 

4.96 

4.3 

6.46 

6.96 

4.3 

3.8 

2.45 

1.75 

1.26 

1.35 

Day. 

June. 

July. 

1  1 
6.9 
3.1 
2.3 
2.2 

3.5 

3.1 

2.2 

1.96 

3.0 

2.4 

Aug. 

72^ 
3.4 
2.15 
1.65 
2.3 

3.0 

1.65 

1.8 

2.86 

3.2 

3.0 

Sept 

1 

0.45 
.36 
.3 
.55 

2.2 

1.65 

2.3 

1.46 

1.35 

1.36 

1.8 
1.8 
1.8 
2.6 
2.6 

1.8 

1.6 

1.46 

1.05 

1.16 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

1.85 

2.3 

4.15 

2.5 

4.3 

2.3 

1.96 

2.45 

2.0 

1.65 

3.0 

2.96 

4.2 

2.2 

2.35 

3.6 
2.3 
2.2 
2.1 
1.66 

1.1 

1.1 

1.35 

4.0 

3.96 

3.7 

3.4 

8.96 

6.4 

7.66 

21 

22 

23 

24 

26 

28 

27 

28 

29 

30 

31 

1.4 

.9 

.9 

.96 
1.4 

1.36 
1.15 
1.56 

.56 

.2 

1.6 

2 

1.0 

3 

1.75 

4 

1.2 

6 

6 

7 

8 

9 

10 

0.2 

.2 
.2 
.2 
.1 
.1 

1.6 

1.75 
1.25 
1.46 
1.46 
1.26 

PUBGATOEY   RIVER   NEAR  LAS  ANIMAS,   COLO. 

This  station  was  originally  established  May  22,  1889,  and  discon- 
tinued September  3,  1889.  A  number  of  miscellaneous  discharge 
measurements  were  made  in  1903. 

On  August  4, 1909,  a  chain  gage  was  installed  by  the  state  engineer's 
office  at  the  Atchison,  Topeka  &  Santa  Fe  Railway  bridge  which 
crosses  the  river  a  short  distance  above  its  mouth.  As  but  few  gage 
heights  and  low-water  measurements  were  obtained  the  data  are 
inadequate  to  make  estiriiates  of  the  daily  discharge. 

Discharge  meagurements  of  Purgatory  River  near  Las  AnimaSy  Coh.y  in  1909, 


Date. 

Hydrographer. 

Arts  of 
sectiob. 

Ga«e          Pis- 
height,      charge. 

July  31 

Tbos.  Grieve 

61 
23.2 

Ftet. 
5.90 
6.89 
5.80 

'"t 

August  3 

do 

107 

November  lU... 

C.  L.  Chatfield 

25.6 

Non.— Heasuiemeiits  made  by  wading. 

Daily  gage  height^  inftet,  of  Purgatory  River  near  Las  Animas,  Colo.,  for  1909. 

Day. 


1. 
2- 
3. 
4. 
5. 

«. 
7. 
8. 
9. 
10. 


Aug. 


&0 

5.8 

6.1 

5.9 
5.9 
5.8 
6w9 


Sept 


6.4 
6.4 
6.5 
6.7 
7.0 

8.0 
9.9 
11.9 
9.9 

ia3 


Oct 


a7 

8.3 
8.4 
8.2 
7.9 

7.6 
7.1 
6.9 
6.7 


Day. 

Aug. 

Sept. 

Oct 

11 

6.9 
5.7 
5.6 
6.0 
7.0 

6.8 
6.5 
7.5 
8.65 
10.2 

9.7 
9.6 
9.4 
9.9 
9.9 

10.1 
10.3 
10.3 
9.9 
9.7 

12 

13 

14 

16 

16 

17   ...    . 

18 

19 

20 

Day. 


21 
22 
23 
24 
26 

26 
27 
28 
29 
30 
31 


Aug. 


7.8 

as 
as 
ao 
a4 

a4 
a  5 
as 

7.1 

as 
a  6 


Sept 


9.7 
9  6 
9  4 
9.4 
9.2 

9.1 

8.9 
8.4 
8.4 
8.8 


Oct 
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CANADIAN  BIVEB  DBAXNAGE  BASIN. 
DESCRIPTION. 

Canadian  River  (frequently  called  Red  River  in  New  Mexico)  rises 
in  the  Cimarron  Mountains  in  Colfax  County,  N.  Mex.,  flows  south- 
ward across  Mora  and  San  Miguel  counties,  then  turns  and  flows  east- 
ward across  northern  Texas  and  through  Oklahoma,  uniting  with 
Arkansas  River  about  80  miles  above  Fort  Smith,  Ark.  The  total 
length  of  the  river  from  Raton  Pass,  N.  Mex.,  to  the  mouth  is  about 
750  miles.  Altitudes  within  the  basin  range  from  about  9,000  feet  at 
the  head  to  460  feet  at  the  mouth.  Some  of  the  highest  peaks  in  the 
Cimarron  Range  are  more  than  12,000  feet  in  elevation. 

Cimarron,  Mora,  and  Sapello  rivers  and  Ute  Creek,  all  in  New 
Mexico,  are  the  principal  perennial  tributaries,  but  many  of  the 
intermittent  tributaries,  such  as  the  Sweetwater,  carry  large  quan- 
tities of  flood  water.  The  total  drainage  of  the  river  in  New  Mexico 
is  about  13,000  square  miles.  The  North  Fork  of  the  Cimarron 
(frequently  called  Beaver  Creek  at  its  head)  is  the  most  important  of 
the  lower  tributaries.  Its  drainage  area  lies  j ust  south  of  the  Cimarron 
(Dry).  Along  the  headwaters  of  the  Canadian  in  New  Mexico  is  a 
considerable  area  of  timber  land  and  woodland,  and  the  drainage  area 
in  eastern  Oklahoma  is  also  wooded.  The  remainder  of  the  area  in 
'New  Mexico,  Texas,  and  Oklahoma  consists  of  dry  plains. 

The  annual  precipitation  varies  from  20  inches  or  more  in  the 
mountainous  sections  to  12  inches  or  less  on  the  plains  of  New  Mexico 
and  Texas;  in  Oklahoma  the  range  is  from  20  inches  in  the  western 
part  to  35  inches  near  the  mouth  of  the  stream.  Except  along  the 
lower  course  the  run-off  is  very  uncertain  and  the  river  bed  is  fre- 
quently dry  for  long  periods;  at  other  times  it  carries  very  disastrous 
floods.  The  winters  along  this  stream  are  mild  and  the  stream  flow 
is  rarely  affected  by  ice  conditions,  except  at  the  higher  altitudes. 

Many  tracts  of  land  are  irrigated  along  the  upper  Canadian  and 
tributaries,  although  the  aggregate  area  is  only  a  few  thousand  acres; 
the  number  and  acreage  of  these  tracts  are,  however,  rapidly  being 
increased.  Good  storage  sites  are  afforded  by  a  nimoiber  of  natural 
lakes  and  basins,  and  reservoirs  will  eventually  be  constructed  on  the 
Cimarron,  Vermejo,  Ute  Creek,  Sapello,  Mora,  and  other  tributaries, 
which  will  provide  for  the  irrigation  of  hundreds  of  thousands  of  acres. 

Owing  to  the  intermittent  character  of  the  stream,  opportunities 
for  water-power  development  are  not  very  good  except  on  the  upper 
reaches  of  the  mountain  streams,  but  these  opportunities  will  be 
somewhat  increased  by  storage  reservoirs.  It  may  eventually  be 
possible  to  develop  commercially  over  25,000  horsepower  in  New 
.Mexico.  At  present  no  important  water-power  plants  are  in  opera- 
tion. 
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CANADIAN   EIVER  AT  LOGAN,    N.    MEX» 

This  station,  which  was  reestabUshed  December  22,  1908,  for  the 
purpose  of  determining  the  amount  pf  water  available  for  storage 
and  irrigation,  is  located  at  the  Chicago,  Rock  Island  &  Pacific 
Railway  bridge,  1  mile  south  of  the  depot  at  Logan,  N.  Mex.  It  is 
near  the  location  of  the  bridge  and  gage  used  by  the  United  States 
Reclamation  Service  from  June  29,  1904,  to  February  26,  1905, 
which  were  washed  out  by  flood,  but  the  present  gage  has  no  deter- 
mined relation  to  that  gage. 

The  station  is  about  5  miles  below  the  mouth  of  Ute  Creek  and  3 
miles  above  the  mouth  of  Arroyo  Largo.  The  drainage  area  is  about 
12,000  square  miles. 

The  stream  flow  is  not  affected  by  ice  and  very  Uttle  by  artificial 
control  above.  The  extremely  shifting  nature  of  the  stream  bed 
makes  it  necessary  to  obtain  a  large  number  of  discharge  measure- 
ments in  order  to  obtain  the  best  results.  It  is  usually  difficult  to 
make  discharge  measurements  at  higher  stages  on  account  of  the 
sudden  rise  and  equally  rapid  subsidence  of  the  river  during  floods. 
High-water  measurements  must  be  made  by  floats,  because  of  a 
large  amount  of  drift  in  the  river.  Low-water  measurements  are 
made  by  wading,  and  those  at  ordinary  stages  from  a  cable  450  feet 
upstream  from  the  railroad  bridge,  which  is  140  feet  high. 

Numerous  rod  gages,  secured  to  old  piling  under  the  bridge,  were 
used  during  1909,  but  all  gage  readings  have  been  referred  to  the 
datum  of  the  two  railroad  gages,  which  are  at  the  same  datum  and 
are  painted  on  the  third  concrete  pier  from  each  bank. 

The  records  have  been  maintained  in  cooperation  with  the  terri- 
torial engineer  of  New  Mexico. 

Discharge  measurements  of  Canadian  River  at  Logan^  N.  Mex.,  in  1908-9. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Gage 
height. 

Dis- 
charge. " 

1908. 
November  3  a 

FttU 

Sq.ft- 

FceL 

'"■t. 

Df>ceinber  23  a. . 

J.  B.  Stewart 

3.79 
3.67 

43 

1009. 

January  26 

Ai)ril  12.. 

J.  B.  Stewart 

26.6 

16.7 

10.2 

do 

(*) 

May  31 

do               

36 
142 

43 
270 
410 
415 
428 
438 

91 

68 

22 

126 

42 

408 

4,660 

6,380 

6,640 

7,930 

101 

67 

3.72 
4.22 
3.62 
6.62 
16.0 
18.0 
21.0 
24.0 
3.48 
3.20 

21 

June  29.... 

do 

249 

July  21 

W.  H  Sutton      

24.4 

August  22 

do 

1,860 

September  6  e.. 
Do.  c     .  .. 

J.B.Stewart           

69,900 

do 

87,700 

Do.  c. 

do 

111,000 

Do.  c     ... 

.do.        

141,000 

October  22 

W.  B.  Freeman 

160 

DMMnnhAr  4 

G.  H.  Russell 

69 

o  Published  fai  Water-Supply  Paper  247 1 

^  Stream  dry. 

«  Flood  measurement  by  floats. 
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Daily  gage  heigktf  in  feet ,  of  Canadian  River  at  Logan^  N.  Mex.^for  1908-9, 
[R.  L.  Smith,  observer.) 


Day. 

Deo. 

Day. 

Dee. 

25 

1908. 

8.86 
8.85 
8.76 
3.75 

29 

1008. 

3.75 

a6.      

30 

3.75 

27 

31 

3.65 

28 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

1900. 
1 

3.66 
3.66 
3.66 
3.65 
3.66 

3.66 
3.65 
3.66 
3.66 
3.65 

3.66 
3.66 
3.65 
3.65 
3.75 

3.75 
3.75 
3.76 
3.75 
3.65 

3.65 
3.65 
3.65 
3.6 
3.6 

3.6 
3.6 
3.6 
3.6 
3.6 
3.6 

3.6 
3.6 
3.6 
3.6 
3.56 

3.66 

3.6 

3.45 

3.35 

3.26 

3.16 

3.06 

2.95 

2.9 

2.86 

2.8 

2.8 

2.8 

2.75 

2.75 

2.75 

2.7 

2.7 

2.05 
3.0 
3.05 
3.0 
2.96 

2.9 
2.85 

3.7 
3.7 
3.7 
3.7 
3.7 

3.7 
3.7 
3.6 
3.4 
3.2 

3.1 
6.4 
6.2 
6.5 
6.6 

6.4 
6.2 
6.0 
5.9 
5.8 

5.6 
5.4 
6.3 
5.3 
5.6 

6.6 

6.1 

4.6 

4.15 

3.7 

3.4 
3.3 
3.3 
3.2 
3.6 

3.4 
3.4 
8.3 
8.5 
5.1 

4.6 
4.0 
3.8 
3.6 
4.6 

4.1 
4.0 
3.9 
3.7 
3.6 

3.5 
3.6 
3.4 
4.7 
4.7 

4.6 
4.6 
4.6 
4.4 
4.4 
4.3 

4.3 
4.3 
4.3 
4.3 
4.2 

4.8 
4.4 
4.3 
4.4 
4.4 

4.3 
4.3 
4.4 
6.4 
6.4 

4.3 
3.95 
4.3 
5.0 
6.95 

6.65 
5.6 
5.26 
3.85 
3.65 

3.6 
3.6 
3.6 
3.7 
4.4 
4.25 

3.6 
3.4 

2 

3 

4 

3.2 

5 

6.2 

14.0 

10.1 
6.1 
6.1 
6.3 

4.45 

6.25 

5.7 

4.6 

4.06 

. 

3.7 

6 

3.65 

7 

3.66 

8 

3.65 

9 

3.8 

10 

3.85 

11 

3.85 

12 

3.85 

13 

3.85 

14 

3.9 

15 

3.96 

16 

4.0 

17 

4.3 

18 

4.3 

19 •. 

4.25 

20 

4.25 

21 

4.25 

22 

4.25 

23 

i'e 

3.6 
4.6 

4.4 

4.2 
4.0 
4.0 
3.8 
3.8 

4.25 

24 

4.26 

25 

4.25 

26 

4.26 

27 

4.25 

28 

4.25 

29 

4.25 

30 

4.25 

31 

4.25 

Note.— River  dry  February  20  to  April  1, 1909;  April  8  to  May  23,  1900;  September  3  to 4, 1900.     Gage 
heighta  September  16  to  December  3, 1009,  too  mireliable  to  publish. 

Daily  discharge,  in  second-feet,  of  Canadian  River  at  Logan,  N.  Mex.,for  1908-9, 


Day. 

Dec. 

Day. 

Dec. 

25 

1906. 

58 
58 
35 
35 

29 

1908. 

35 

26 

30 

35 

27 

31 

20 

28 
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Daily  discharge,  in  Hco^nd-feetj  of  Canadian  River  at  Logan,  N.  Mex.,  1908-9 — Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1900. 
1 

20 
20 
20 
20 
20 

20 
20 
20 
20 
20 

20 
20 
20 
20 
35 

35 
35 
35 
35 
20 

20 
20 
20 
14 
14 

14 
14 
14 
14 
14 
14 

14 
14 
14 
14 
11.9 

11.9 
7.8 
6.2 
3.7 
2.4 

1.4 

0.8 

.4 

.3 

.2 

.1 

.1 
.1 
.1 

0.4 
.6 
.8 
.6 
.4 

.3 
.2 



26 
26 
26 
26 
26 

26 

26 

14 

4.5 

L8 

LO 

4,700 
3,800 
5,160 
5,150 

4,700 
3,800 
2,950 
2,600 
2,300 

1,800 
1,420 
1,260 
1,260 
1,800 

1,600 
980 
480 
218 
58 

13 

7 
7 
2 
23 

13 
13 
7 

23 
960 

480 
155 
85 
38 
480 

195 
155 
120 
58 
38 

23 

23 

13 

560 

560 

480 
480 
410 
350 
360 
290 

290 
290 
290 
290 
240 

650 
360 
290 
350 
350 

290 

290 

350 

1,420 

1,420 

290 
138 
290 
860 
7,300 

5,820 

1,800 

1,180 

102 

48 

38 
38 
38 
58 
350 
265 

38 
13 
0 
0 
3,800 

53,200 

26,200 

3,350 

1.840 

2,300 

810 
2,170 
3,800 

870 
1,550 

2 

3   

4 

60 

5   

155 

6 

145 

7 

145 

8 

145 

9 

178 

10 

190 

11 

190 

12 

190 

13 

190 

14 

202 

15 

216 

16 

230 

17 

330 

18 

330 

19 

315 

20 

315 

21    

315 

22 

315 

2S   

14 

14 

480 

335 
210 
110 
110 
44 
44 

315 

24 

315 

25 

315 

26. 

315 

27 

315 

28.. 

315 

29 

315 

30 

315 

31 

315 

Note.— These  discharges  are  based  on  rating  curves  applicable  as  follows:  December  25, 1906,  to  June  11, 
1009.  fairly  well  defined Ijetween  8  and  110  second-feet;  June  12  to  September  8,  1909,  weU  defined;  Sep- 
tember 9  to  15, 1909,  indirect  method  for  shifting  channels;  September  16  to  December  3, 1909,  no  estimates 
on  account  of  uncertain  gage  heights;  December  4  to  31,  1909,  well  defined.  River  dry  February  20  to 
April  1,  April  8  to  May  23,  and  September  3  to  4, 1909. 

Monthly  discharge  of  Canadian  River  at  Logan,  N.  Mex.,  for  1908-9. 


Month. 


Discharge  in  second-feet. 


Maximum.  Minimum.      Mean, 


Run-ofT 
(total  hi 
acre-feet): 


Aoco- 

racy. 


December  25-31 . 


1908. 


58 


January 

February 

March 

April 

May 

June 

July 

August 

September  1-15. 
Deoember  4-31 . . 


The  period. 


1900. 


14 

0 

8 

480 

5,150 

980 

7,300 

53,200 


20 


39.4 


14 

0 

0 

0 

0 

1.0 

2 
38 

0 
69 


20.9 
3.63 
0 

.11 

43.9 

1,540 

207 

831 

6,660 

250 


647 


1,290 

202 

0 

7 

2,700 

91,600 

12,700 

61,100 

198.000 

13,900 


371,000 
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CIMARRON   RIVER  AT   UTE   PARE,  N.  MEX. 

This  station,  which  was  estabUshed  July  14,  1907,  to  determine  the 
amount  of  water  available  for  storage  and  irrigation,  is  located  at 
the  highway  bridge  300  feet  north  of  the  railway  station  at  Ute 
Park,  N.  Mex.,  the  terminus  of  the  St.  Louis,  Rocky  Mountain  & 
Pacific  Railway.  It  has  been  maintained  in  cooperation  with  the 
Territorial  engineer  of  New  Mexico. 

The  station  is  one-half  mile  below  the  mouth  of  Ute  Creek  and  is 
below  inost  of  the  mountain  tributaries  except  the  Rayado,  which 
enters  several  miles  below.  The  drainage  area  above  the  station  is 
over  200  square  miles. 

Very  Uttle  water  is  diverted  above  this  point,  but  most  of  the  nor- 
mal flow  of  the  stream  is  used  for  irrigation  in  the  valley  below. 
The  Eagles  Nest  reservoir  site,  which  has  a  capacity  of  over  100,000 
acre-feet,  is  situated  in  the  canyon  a  few  miles  upstream  from  this 
station  and  is  capable  of  storing  the  entire  run-off. 

Ice  is  found  on  this  stream  during  the  winter  months,  but  usually 
has  very  Uttle  effect  on  the  open-channel  flow. 

The  rod-gage  datum  has  remained  constant  since  the  station  was 
established.  In  September,  1909,  a  Frieze  automatic  gage  was 
installed  at  the  same  location  and  datum.  High-water  measure- 
ments are  made  at  the  bridge  and  low-water  measurements  by 
wading.  The  stream  bed  is  fairly  permanent,  but  it  is  rather  rough, 
making  high-water  measurements  somewhat  inaccurate.  Results, 
however,  should  be  very  good. 

Discharge  measurements  of  Cimarron  River  at  Ute  Parh,  N.  MeX.,  in  1908-9. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Gage 
height. 

Dis- 
charge. 

1908. 
April  26a 

R.  L.  Cooper 

Feet, 
36 

19.5 
24.5 
25.5 
27 
28 
18.5 
20 
24 
22 
21 
8 

Sq.fl. 
39 

13 
27 
19.4 
23.6 
24.6 
10.8 
14.4 
28 
19.1 
15.6 
4 

Feet. 
1.10 

a43 
.65 
.65 
.70 
.70 
.40 
.50 
.65 
.45 
•     .40 
.32 

8ee.-ft. 
117 

1909. 
January  24 

J.  B.  Stewart 

14.2 

April  10 

do 

35 

Do 

do 

40 

May  27 

do 

58 

Do 

do 

64 

June  28 

do 

11  8 

July  24 

W.  H.  Sutten... 

21  8 

August  28 

October  13 

C.D.Miller 

46 

do 

24.4 

October  24..,.. 

W.  B.  Freeman 

17  1 

November  27... 

G .  H.  Russell 

8.7 

a  This  measurement  is  republished  he^e  as  it  was  in  error  as  published  in  the  1907-8  report.    On  the  beats 
of  this  change  the  1907-8  estimates  have  been  revised. 

Note.— Measurements  made  by  wading  at  various  sections. 
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Daily  gage  heigfUf  in  feet,  of  Cimarron  River  at  Ute  Park,  N.  Mex.,for  1909, 
[Mn.  R.  P.  Woodard,  observer.) 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oo^ 

Nov. 

Dec. 

1 

a4 

.4 
.4 
.4 
.3 

.3 
.8 
.3 
.3 
.3 

.3 
.3 
.3 

.45 

.45 

.45 

.4 

.3 

.3 

.3 

a35 
.35 
.45 
.45 
.5 

.5 
.6 
.5 
.5 
.5 

.5 

.5 

.45 

.45 

.45 

.4 

.4 
.4 
.4 
.45 

.45 

.4 

.4 

.4 

.45 

.45 
.45 
.45 

0.45 
.45 
.5 
.5 
.5 

.55 
.8 
.7 
.6 
.5 

.45 
.4 
.4 
.45 
.45 

.46 

.65 

.7 

.85 

.6 

.  .6 
.6 
.56 
.56 
.55 

.6 
.6 
.6 
.7 
.7 
.7 

0.6 
.6 
.6 
.6 
.6 

.6 
.6 
.6 
.6 
.6 

.7 

.65 

.6 

.7 

.76 

.8 

.9 
1.0 
1.0 
1.0 

.06 
.9 
1.0 
.9 
.9 

.9 
.9 

1.0 

1.1 
.9 

0.85 
.85 

1.1 

1.1 

1.1 

1.15 

1.1 

1.1 

1.1 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

1.2 
1.0 
1.0 
1.0 
1.0 

1.0 

.86 
.7 
.6 
1.0 
.9 

0.9 

'.e 

.6 
.4 

.3 
.3 
.3 
.3 
.3 

.3 
.4 
.4 
.4 
.4 

0.4 

.3 
.3 
.3 
.3 
.3 

.3 
.3 
.3 
.3 
.3 

.3 
,3 
.2 
.2 
.2 

.2 
.2 
.3 
.6 
.3 

.2 
.2 
.2 

.2 
.2 
.2 

0.2 
.3 
.4 
.3 
.3 

.3 
.3 
.3 
.3 
.35 

0.6 

.6 

.6 

.6 
1.0 

.8 
.7 

.7 
.7 
.6 

.6 
.6 
.6 
.6 
.55 

.5 

.5 

.5 

.45 

.45 

.45 

a36 
.36 
.4 
.4 
.4 

.4 
.45 
.45 
.45 
.45 

.45 
.45 
.45 
.4 
.45 

.45 
.45 
.45 
.45 
.4 

.4 
.4 
.4 
.35 
.35 

.35 
.3 
.3 
.3 
.3 
.3 

0.3 
.3 
.3 
.3 
.3 

.3 
.3 
.3 
.3 
.3 

.3 
.3 
.3 
.3 
.3 

.3 
.3 
.3 
.3 
.3 

.3 
.3 
.3 
.3 
.3 

.3 
.3 
.3 
.2 
3 

0.4 

2 

3 

.4 
.4 

4 

35 

5 

.3 

6 

.3 

7 

.3 

8 

.3 

9 

.35 

10 

.35 

11 

.36 

12 

.4 

13 

.4 

14 

.4 

15 

.45 

16 

.5 

17 

.6 

18 

.6 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30   

31 

D%ibj  discharge,  in  second-feet,  of  Cimarron  River  at  Ute  Park,  N.  Mex.,for  1907-1909. 


Day. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

Day. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dee. 

1907. 
1 

32 
32 
44 
44 
32 

22 
22 
22 
22 
22 

22 
82 
32 
44 
32 

50 
44 

44 

32 
22 

22 
22 
22 

22 
22 
22 
22 
22 

14 
32 
32 
22 
22 

14 
14 
14 
14 
14 

14 
14 
14 
14 
14 

14 
14 
32 
32 
22 

1 
14  1 
14  1 

9 

9 

9 

14 
14 
14 
14 
14 

14 
14 
14 

9 

9 

1907. 
16 

22 
22 
22 
22 
22 

22 
32 
32 
22 
22 

22 
22 
44 
32 
22 
32 

22 
14 
22 
14 
32 

22 
22 
22 
22 
22 

22 
22 
32 
32 
44 
44 

22 
14 
14 
14 
14 

22 
18 
14 
14 
9 

22 
14 
14 
14 
9 



9 

2 

17 

9 

3:::::::::;:::::: 

18 

9 

4   .  ... 

19 

9 

5 

20 

9 

6 

21 

9 

7-  

22 

14 

8 

23 

14 

9 

24 

14 

10 

25 

14 

11 

26 

14 

12 

27 

14 

13 

28 

14 

14 

22 

29 

14 

15 

22 

30..- 

14 

31 

14 
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Daily  disdwargey  in  second-feet ^  of  Cimarron  River  at  Ute  Parky  N.  Mez.yfor  1907-1909 — 

Continued. 


Day. 


1906. 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

1909. 

1 

2 

3 

4 

6 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 , 

28 

29 

30 

31 


Jan. 


22 
22 


9.5 
9.5 
9.5 
9.5 
7.2 

7.2 
7.2 
7.2 
7.6 
7.6 

7.6 
7.6 
8 

11 

11 

19 
19 
19 
19 
19 

12 
12 
12 
16 
16 

16 
16 
12 

8 

8 

8 


Feb. 


10 
10 
16 
16 
20 

20 
20 
20 
20 
20 

20 
20 
16 
16 
16 

13 
13 
13 
13 
16 

16' 
13 
13 
13  ; 
16 

16  ! 

16 
16 


Mar. 


Apr. 

May. 

22 

96 

22 

96 

22 

117 

22 

117 

22 

117 

22 

117 

22 

96 

22 

77 

22 

77 

32 

77 

14 

96 

50 

96 

86 

96 

96 

96 

184 

77 

196 

77 

184 

96 

184 

96 

161 

96 

161 

96 

161 

96 

139 

77 

161 

77 

161 

77 

161 

96 

117 

77 

117 

77 

117 

77 

96 

96 

96 

96 

77 

31 

86 

31 

86 

31 

99 

31 

139 

31 

153 

31 

153 

31 

154 

31 

167 

21 

154 

31 

154 

46 

155 

23 

127 

30 

127 

47 

127 

58 

128 

70 

128 

94 

128 

121 

128 

122 

128 

122 

129 

109 

182 

96 

129 

123 

129 

96 

130 

96 

130 

97 

131 

97 

91 

124 

55 

151 

36 

98 

130 

104 

June. 


104 
104 
77 

77 
35 

35 
35 
35 
35 
35 

35 
35 
35 
34 
34 

34 
34 
34 
34 
12 


July.  I  Aug. 


8 

8  . 
8  > 

8 
8 
8 
8 
8 

8 
8 
6 
6 
6 

6 
6 
8 
22 
8 

6 
6 
6 
6 
6 
6 


55 
55 
36 
36 

36 
102 
55 
55 
55 

55 
55 
55 
53 


Sept. 

Oct. 

9 

9 

6 

14 

6 

14 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

9 

6 

9 

6 

9 

6 

9 

6 

9 

6 

9 

6 

9 

6 

6 

6 

6 

6 

9 

6 

9 

6 

9 

6 

9 

9 

9 

9 

9 

14 

9 

14 

14 

35 

13 

35 

13 

35 

16 

21 

16 

130 

16 

78 

16 

56 

22 

56 

22 

57 

22 

38 

22 

38 

22 

38 

22 

39 

22 

39 

16 

30 

22 

25 

22 

25 

22 

25 

22 

20 

22 

20 

16 

20 

16 

15 

16 

15 

16 

15 

13 

15 

13 

15 

13 

16 

10 

16 

10 

16 

10 

16 

10 

10 

Nov. 


22 
22 
14 
14 
14 

14 
13 
13 
13 
13 

13 
13 
13 
13 
13 

8 
5 
5 
5 
5 

7 
7 
7 
7 
7 

7 
7 
7 
7 
7 


10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
6.5 
10 


Dec. 


Note.— These  dlscharees  were  obtained  as  follows:  July  14, 1907,  to  November  2, 1908,  based  on  a  rating 
curve  which  is  fcdrly  well  defined;  November  3, 1906,  to  September  30, 1909,  indirect  method  for  shifting 
channels;  October  1  to  December  14, 1909,  based  on  a  rating  curve  which  is  not  well  defined:  December  15 
to31,1909,esthnated. 
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Monthly  discharge  of  Cimarron  River  at  Ute  Park,  N.  M€Z,,for  1907-1909. 


Month. 


1907. 

July  14-31 

August 

September 

October 

November 

December 

1906. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 

1909. 

January 

Febnujy 

March 

April , 

MAy 

June 

July 

August 

September 

October 

November 

December 

Tlie  year 


Dtediarge  In  second-feet. 


Maximum.  Minimum.     Mean. 


22 
22 
32 
196 
117 
77 
22 
22 
14 
14 
22 
15 


196 


19 
20 
64 
151 
182 
104 
12 
102 
130 
22 
10 
16 


182 


22 
14 
14 
14 
9 
9 


14 
9 
14 
22 
77 
9 
9 
14 
6 
6 
5 
4 


25.4 
27.9 
21.  Q 
15.7 
15.9 
12.2 


148 
15.2 
23.5 
96.0 
91.4 

sao 
ia4 

18.4 
8.73 
7.16 

10.5 
9.52 


28.5 


7.2 
10 
13 
31 
86 

7 

6 

6 
16 
10 

&5 
10 


11.6 
16.0 
28.5 
70.7 
126 
32.8 

8.39 
32.8 
33.3 
16.9 

9.88 
14.8 


33.5 


Run-off 
(total  in 
acre-feet). 


907 
1,720 
1,250 
965 
946 
760 


910 

874 

1,450 

5,710 

5,620 

1,790 

1,010 

1,130 

519 

440 

620 

580 


20,700 


713 

88» 

1,760 

4,210 

7,760 

1,960 

516 

2,(B0 

1,980 

1,040 

588 

910 


24,300 


Note. — Values  for  1907-8  supersede  those  published  in  Water  Supply  Paper  247.  Revision  was  necessary 
because  of  an  error  discovered  in  computation  of  discharge  measurement  of  April  26,  1906.  Owing  to  th« 
shifting  nature  of  the  stream  bed  at  this  station  the  above  values  of  mean  monthly  discharge  are  at  best 
only  ^proximate. 

CIMARRON   RIVER   AT    SPRINGER,  N.  MEX. 

This  station,  which  was  established  July  13,  1907,  primarily  to 
determine  the  amount  of  unused  water  in  the  valley  above,  is  located 
at  Springer,  N.  Mex.,  at  the  highway  bridge  which  crosses  the  river 
about  one-half  mile  above  the  Atchison,  Topeka  &  Santa  Fe  Rail- 
way bridge,  about  6  miles  below  the  mouth  of  the  Rayado  and  6 
miles  above  its  junction  with  the  upper  Canadian.  The  channel  is 
practically  without  flow  during  the  irrigation  season.  The  drainage 
area  &  neariy  1,000  square  miles. 

The  station  has  been  maintained  in  cooperation  with  the  territorial 
engineer  of  New  Mexico. 

The  datum  of  the  rod  gage  has  not  been  changed.  High- water 
measurements  are  made  from  the  bridge.  The  flow  is  Uttle  affected 
by  ice. 
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On  account  of  the  shifting  character  of  the  stream  and  the  com- 
paratively small  number  of  discharge  measurements  the  results  at 
this  station  have  not  been  entirely  satisfactory.  The  station  was 
discontinued  December  31,  1909. 

Discharge  measurements  of  Cimarron  River  at  Springer ^  N.  Mex.y  in  1909. 


Date. 


Ilydrographer. 


January 22 J.B.Stewart 

April7 do 

May  24 do 

June  26 do 

July  27 1  W.  H.Sutton... 

September  14. .    J.  B.  Stewart. . . . 

October  14 C.  D.  Miller 

October  26 '  W.  B.  Freeman. 

November  28...!  O.  H.  Russell... 


Width. 

Area  of 
section. 

Gage 
hei^t. 

Tfrt. 

Sq.ft. 

Feet. 

17.5 

4.7 

0.15 

12 

3.3 

.10 

51.5 

23.8 

.68 

8.4 

3 

.18 

6 

1.5 

-.18 

38 

22.5 

.74 

17 

6.2 

.35 

14 

4.1 

.23 

13 

8.2 

.30 

Dis- 
charge. 


See.-ft. 
2.6 
1.3 

29 
1.7 
.96 

26 
5.8 
3.7 
5.3 


Note. — Measurements  are  made  by  wading  at  various  sections. 

Daily  gage  height j  infeety  of  Cimarron  River  at  Springer ^  N.  Uex.^for  1909. 
[W.  L.  Sever,  observer.l 


Day. 

Jan. 

0.6 
.5 
.5 
.4 
.3 

.5 
.4 
.4 
.3 
.3 

.3 
.3 
.3 
.3 
.2 

.2 
.2 
.2 
.2 
.2 

.2 

Feb. 

0.1 
.4 
.2 
.2 
.1 

.0 
.2 
.1 
.2 
.3 

.2 
.0 
.0 
.2 
.2 

.1 
.1 
.1 
.2 
.1 

.0 
.1 
.2 
.2 
.1 

.1 
.1 
.1 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

-0.1 

-  .1 

-  .1 

-  .1 
+3.1 

1.55 
1.5 
.9 
.9 
.6 

1.8 
.7 
.7 
.76 
.65 

.56 

.5 

.5 

.45 

.4 

.4 
.4 
.4 
.4 
.3 

.35 
.35 
.35 
.35 
.35 

Oct. 

Nov. 

Dec. 

1 

0.1 
.1 
.1 
.1 
.1 

.0 
.0 
.1 
.0 
.0 

.2 
.4 
.4 
.4 
.3 

.3 
.1 
.1 
.1 
.2 

.1 
.1 
.1 
.1 
.0 

.0 
.0 
.0 
.0 
.0 

.1 

0.1 
.1 
.1 
.0 
.0 

.1 
.1 
.1 
.1 
.1 

.05 
.05 
.0 
.05 
.1 

.1 

.1 

.2 

.25 

.4 

.6 

.8 

.8 

.75 

.7 

.76 
.7 
.5 
.6 

.8 

0.7 
.65 
.6 
.5 
.5 

.65 
.7 
.75 
.95 
.9 

.8 
.6 
.5 
.5 
.5 

.4 
.4 
.4 
.4 
.4 

.6 
.8 
.8 
.7 
.7 

.75 
.8 
.75 
.7 
.6 
.5 

0.4 
.3 
.3 
.25 
.25 

.25 
.25 
.3 
.25 
.25 

.3 
.8 
.4 
.35 
.35 

.35 
.25 
.25 
.25 
.3 

.3 
.3 
.25 
.2 
.2 

.2 
.2 
.2 
.15 
.15 

0.16 
.15 
.15 
.36 
.1 

.2 
.05 
.25 
.25 
.25 

.2 
.2 
.2 
.2 
.2 

.2 
+  .2 

-  ;i5 

-  .15 

-  .15 

-  .15 

-  .15 

-0.15 
-  .15 

+  .5 

+  12 
.25 

.0 
+  .'l 

0.35 
.35 
.35 
.36 
.35 

.35 
.36 
.35 
.3 
.3 

.25 
.25 
.3 
.35 
.35 

.3 
.25 
.25 
.3 
.25 

.25 
.25 
.2 
.2 
.2 

.25 
.25 
.25 
.25 
.25 
.2 

0.2 
.2 

-.2 
.2 
.2 

.2 
.2 
.2 
.2 
.2 

.2 
.3 
.3 
.3 
.35 

.35 

.3 

.35 

.3 

.3 

.3 
.3 
.3 
.3 
.3 

.3 
.3 
.3 

.8 
.8 

0.8 

2 

.8 

3 

.8 

4 

.8 

5 

.8 

6 

.8 

7 

.8 

8 

.8 

9 

.      .8 

10 

.8 

11 .- 

.8 

12 

.8 

13 

.8 

14 

.8 

15 

.8 

16 

.8 

17 

.8 

18 

.8 

19 

.8 

20 

.8 

21 

.8 

22 

.8 

23 

.8 

24 

.8 

26 

.8 

26.__ 

.8 

27          

.8 

28 

.8 

29 

.8 

30 

.8 

31  

1.3 

Note.— Ice  conditions  November  29  to  December  31. 
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Daily  dischargty  in  aecoTid-feet,  of  Cimarron  River  at  Springer ^  N.  Mex.^  for  1907-1909. 


Day. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1907.  1 

66 
51 
66 
51 
51 

31 
19 
19 
12 
12 

12 

12 
8 

5.3 
5.3 

3.4 
3.4 
3.4 
3.4 
3.4 

3.4 
3.4 
3.4 
3.4 
3.4 

3.4 
3.3 
3.3 
3.2 
3.2 

3.0 
3.0 
3.0 
8.0 
3.0 

3.0 
3.0 
3.0 
3.0 
2.9 

2.9 
4.6 
4.6 
4.6 
4.6 

2.7 
2.7 
2.7 
2.6 
2.6 

2.6 
2.6 
2.6 
2.6 
2.6 

2.6 
2.5 
2.5 
2.5 
2.5 

1907. 

,  16 

|17 

18 

i  19 

1  20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

8 

5.3 

5.3 

5.3 

5.3 

28 
19 
19 

8 
8 

8 

61 
166 

93 

51 
107 

5.3 
3.4 
3.4 
3.4 
3.4 

3.4 
3.4 
3.4 
3.4 
5.3 

5.3 
5.3 
5.3 
3.4 
3.4 

3.2 
3.2 
3.2 
3.2 
3.2 

3.2 
3.2 
3.1 
3.1 
4.9 

3.1 
3.1 
3.1 
3.1 
3.1 
3.1 

4.6 
4.6 
2.8 
6.6 
4.4 

2.8 
2.8 
.  2.8 
2.8 
2.8 

2.7 
2.7 
2.7 
2.7 
2.7 

2.6 

2 ' 

2.6 

3..     '   . 

2.5 

4 

2.5 

5. 

2.6 

! 
6 

2.6 

7 

2.5 

8 ' 

2.5 

9 

2.6 

lo:::::::':::::::: 

2.5 

11 L 

2.5 

12 

13 

14 

16 

19 
12 
12 

8 

2.5 
2.5 
2.5 
2.5 
2.5 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

12 

12 
6.2 
3.3 
3.3 

3.3 
1.4 
1.4 
1.4 
1.4 

1.4 
2.2 
2.2 
2.2 
2.2 

2.2 
2.2 
2.2 
1.4 
1.4 

1.4 
1.4 
1.4 
1.4 
1.4 

&6 
3.3 
2.2 
1.4 
1.4 

&0 
5.2 
6.2 
4.2 
4.2 

4.2 
4.2 
5.2 
4.2 
4.2 

6.2 
61 

ao 

6.6 
6.6 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1906. 
1 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

10 
10 
10 
10 
17 

17 
17 
16 
16 
16 
16 

12 
7.8 
&2 
5.6 
3.7 

9.0 
6.8 
5.8 
3.9 

a9 

3.9 
4.1 
4.1 
4.1 
2.8 

43 
11 
43 
26 

^ 
10 
16 
25 
16 
10 

16 
16 
16 
39 
39 

39 
39 
39 
39 
39 

64 
37 
23 
23 
23 

23 
23 
14 
23 

2.2 
&0 
3.3 
3.3 
2.2 

1.4 

a3 

2.2 

a3 

5.2 

as 

1.4 
1.4 
3.3 
3.3 

23 
22 
22 
22 
22 

35 
35 
35 
58 
22 

21 
21 
21 
21 
21 

21 
21 
33 
33 
32 

44 

32 
32 
20 
20 

19 
19 
19 
19 
31 
19 

2.2 

2.2 
2.2 
2.2 
2.2 

1.4 
1.4 
2.2 
1.4 
1.4 

a3 

8.0 
8.0 
&0 
6.2 

19 
12 

8 

8 

5.2 

6.2 
5.2 
5.2 
5.2 
6.2 

5.2 
8 
19 
51 
136 

136 
232 
265 
200 
200 

232 
200 
232 
232 
265 

200 
200 
135 
136 
136 

2.2 
2.2 
2.2 
1.4 
1.4 

2.2 
2.2 
2.2 
2.2 
2.2 

1.8 
1.8 
1.4 
1.8 
2.2 

135 
135 
200 
200 
200 

200 
136 
135 
84 
84 

84 
84 
84 
84 
84 

84 
84 
84 
51 
31 

31 
31 
135 
135 

84 

84 
84 
51 
31 
19 
19 

31 
25 
19 
12 
12 

26 
31 
41 
110 

84 

61 
19 
12 
12 
12 

1.4 
1.4 
1.4 
1.4 
.9 

.9 
.9 
1.4 
1.4 
1.4 

1.4 
1.4 
1.4 
1.4 
4.2 

2.2 
1.4 
1.4 
1.4 
1.4 

1.4 
1.4 
1.4 
1.4 
3.3 

1.4 
1.4 
1.4 
1.4 
26 
5.2 

2.8 
2.8 
2.8 
6.6 
2.2 

3.3 
1.8 
4.2 
4.2 
4.2 

3.3 
3.3 
3.3 
3.3 
3.3 

1.4 
1.4 
1.4 
1.4 
1.4 

1.4 
2.2 
2.2 
1.4 
1.4 

2.2 
2.2 
1.4 
232 
13 

64 
1.4 
1.4 
1.4 

6.8 

14 

11 
9.1 
9.1 
6.0 

6w2 
4.0 
2.6 
2.7 
2.7 
1.6 

as 

.8 
.6 
12 
.9 

.9 
.9 
.9 
.9 
.9 

.9 
.9 
.9 
.9 
.9 

1.7 
1.7 
2.9 
1.8 
1.8 

1.8 
1.9 
1.9 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 

1.3 
1.3 
1.3 
1.5 
1.5 

1.5 
1.0 
1.0 
1.0 
1.0 

1.0 

1.1 
1.1 
1.1 
1.1 

0.9 

.0 

.9 

.9 

800 

490 
456 

77 

74 

16 

600 
24 
22 
27 
U 

1.1 
1.1 
1.1 
1.1 
1.1 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.3 
1.3 
1.3 
1.4 

1.4 
1.4 
1.5 
1.5 
1.5 

1.5 
6.0 
9.6 
9.6 
9.6 

9.9 
9.9 
9.9 

16 

16 

16 

6.6 
6.6 
6.6 
6.8 
6.8 

6.8 
6.8 
6.0 
4.0 
4.9 

4.0 
4.1 
6.1 
6.4 
6^6 

17 
17 
17 
17 
16 

16 
14 
9.4 

8.9 
8.7 

8.2 
12 
12 
11 
11 

10 

a4 

6.9 
56 
6.3 

5.1 
4.9 
3.0 
2.9 

2.8 

2.7 
2.6 
14 
5.6 
6.4 

3.3 
3.3 
3.3 
3.3 
3.3 

3.3 

a3 

3.3 
3.3 
3.3 

3.3 
6.2 
5.2 
6.2 
6.6 

6.3 

2 

6.0 

3 

4 

6 

6 

7.2 
6.9 
6.6 

a3 

7 

8 

9 

ai 

6.9 
6.6 

lo::::::::::::::: 
11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29.... 

6.4 

6.1 
4.9 
7.2 
4.5 
2.9 

2.8 
1.6 
2.6 
6.1 
6.0 

6.2 
6.2 
4.1 
4.3 
4.5 

26 

11 
7.3 
4.8 

30 

5.0 

31 

7.6 

1909. 
1 

5.0 

2 

6.0 

3 

6.0 

4 

6.0 

5    

6.0 

6 

6.0 

7 

,   5.0 

8 

5.0 

9   

5.0 

10 

'   6.0 

11 

1   6.0 

12      

!   6.0 

13 

6.0 

14 

6.0 

15 

6.0 

845490_W8P  267—11- 
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SURFACE   WATER  SUPPLY,   1909,   PART  VII. 


Daily  discharge^  in  second-feet y  of  Cimarron  River  at  Springer ^  N.  Mex.^for  1907-1909 — 

Continued. 


Day. 

Jan. 

2.8 
2.9 
2.9 
3,0 
3.0 

3.1 
2.0 
2.2 
2.2 
2.2 

2.2 
2.2 
2.2 
2.2 
2.2 
2.2 

Feb. 

2.2 
2.2 
2.2 
3.3 
2.2 

1.4 
2.2 
3.3 
3.3 
2.2 

2.2 
2.2 
2.2 

Mar. 

Apr. 

2.2 
2.2 

a3 

4.2 

8.0 

19 
61 
61 
41 
31 

41 
31 
12 
19 
51 

May. 

June. 

6.6 
4.2 
4.2 
4.2 
6.2 

5.2 
5.2 
4  2 
3.3 
3.3 

3.3 
3.3 
3.3 
2.8 
2.8 

July. 

as 
as 

.9 
.9 
.9 

.9 
.9 
.9 
.9 
.9 

.9 

.8 
.8 
.8 
.8 
.8 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1909. 
16 

5.2 
2.2 
2.2 
2.2 
3.3 

2.2 
2.2 
2.2 
2.2 
1.4 

2.2 

&0 
8.0 
8.0 
8.0 
8.0 

19 
51 
51 
31 
31 

41 
51 
41 
31 
19 
12 

.9 
.9 
.9 

as 

4.2 

1.4 
2.2 
2.2 
2.2 
.9 

.9 

:? 

.9 
.9 
.9 

11 

a9 

9.4 

7.6 

ai 

ai 
a4 
a4 
a4 

4.1 

5.4 
5.4 
5.4 
6.4 
5.6 

5.2 
4.2 
4.2 
6.2 
4.2 

4.2 
4.2 

as 
a3 
as 

4.2 
4.2 
4.2 
4.2 
4.2 

as 

a6 

5.2 

a6 

6.2 
5.2 

6.2 
6.2 
6.2 
5.2 
6.2 

5.2 
6.2 
6.2 
5.0 
6.0 

6.0 

17 

6.0 

18 

6.0 

19 

6.0 

20 

6.0 

21 

6.0 

22 

23 

6.0 
6.0 

24 

5.0 

25 

5.0 

26 

5.0 

27 

5.0 

28 

5.0 

29 

5.0 

30 

5.0 

31 

5.0 

Note.— These  discharges  were  obtained  as  follows:  March  29  to  August  14, 1908;  January  23  to  Septem- 
ber 4, 1909,  and  October  1  to  November  28  from  a  rating  curve  which  is  well  defined  below  30  second-feet; 
August  12  to  December  16, 1907;  January  25  to  March  28. 1908;  August  15  to  January  22. 1909,  and  Septem- 
ber 6  to  30,  1909,  indirect  method  for  shifting  channels;  December  17, 1907,  to  January  24, 1908;  September 
6, 1909,  and  November  22  to  December  31, 1909,  estimated. 

Monthly  discharge  of  Cimarron  River  at  Springer,  N.  Mcx.yfor  J 907-1909. 


Month. 


August  12-31. 
Sc|)(e.iil>er. . . 

Octot)er 

November 

December 


January.., 
February. 

March 

April 


May. 

June 

July 

August 

September. 

October 

November. . 
December.. 


The  year. 


January 

February. . . 

March 

April 

May 

June 

July 

August 

September. 

October 

November. . 
December. . 


Discharge  In  second-feet. 


Maximum.   Minimum.      Mean. 

I 


166 
66 
4.9 

a6 

2.7 


1908. 


1909. 


17 

64 

58 
265 
200 

12 

25 
232 
2.9 

16 

17 

26 


2<;5 


12 
8.0 
8.0 

61 
110 

51 
a  6 

12 
0800 
a  6 
a  6 


The  period. 


as 
a4 
ai 
2.7  ! 
2.5  I 


31.9 

lao 
a  31 
a  39 

2.55 


10 

19 
6.2 

19 
1.4 
.9 
1.4 
1.0 
1.1 
2.6 
1.6 


7.6 
27.6 

2as 

110 

96.7 
2.87 
2.41 

11.3 
1.39 
4.49 
9.21 
a  16 


Run-off 
(total  in 
acre-feet). 


25.4 


2.0 

4.01 

1.4 

2.79 

1.4 

2.77 

1.4 

ia2 

&0 

29.6 

2.8 

a24 

.8 

2.26 

.6 

1.57 

.9 

86.6 

as 

4.76 

a3 

4.63 

5.0 

ia6 


247 
165 
170 
786 
1,810 

sn 

139 
97 
6,150 
203 
276 
307 


9,800 


.\ccu- 
racy. 


1,270  C. 

962  I  C. 

2W  C. 

202  C. 

157  ,  D. 


467  D. 

1,690  C. 

1,620  C. 

6,550  B. 

6,880  B. 

171  C. 

148  C. 

696  C. 

83  C. 

276  C. 

548  C. 

379  C. 


18,400 


o  Estimated. 
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RAYADO   RIVER   AT   ABREU  S   RANCH,    NEAR   CIMARRON,  N.  MEX. 

This  station,  which  was  estabhshed  during  the  first  part  of  1908 
as  a  temporary  station  by  the  New  Mexico  Hydrographic  Survey 
to  determine  the  amount  of  water  available  for  irrigation,  is  located 
three-fourths  of  a  mile  upstream  from  Abreu's  ranch,  which  is  20 
miles  west  of  Springer  and  12  miles  southwest  of  Cimarron,  the  two 
nearest  railroad  points.  Daily  gage  readings  were  taken  during 
1909  by  the  Territorial  Survey.  In  October,  1909,  when  the  United 
States  Geological  Survey  abandoned  the  station  on  the  Rayado  at 
Miami  ranch,  near  Springer,  it  took  over  the  station  at  Abreu's  ranch. 

The  station  is  now  maintained  in  cooperation  with  the  territorial 
engineer  of  New  Mexico. 

The  river  receives  no  tributaries  for  several  miles  above  or  below 
the  station,  and  the  station  is  above  all  irrigation  diversions. 

The  datum  and  location  of  the  gage  has  remained  constant  during 
the  maintenance  of  the  station.  On  November  27,  1909,  a  chain 
gage  was  installed  at  the  same  location  and  datum  as  the  rod  gage. 

Measurements  of  discharge  are  made  by  wading  in  the  vicinity  of 
the  gage  or  from  a  foot  log  about  100  yards  upstream.  Fair  results 
should  be  obtained.  Thin  ice  is  sometimes  found  at  the  station 
during  the  mnter  months. 

Discharge  measurements  of  Rayado  River  at  Abreu^s  ranch j  near  Cimarron y  N.  Mex.^  in 

1908-9. 


Date. 

Ilydrographer. 

Width. 

Area  of 
section. 

heigS.. 

Dis- 
charge. 

1908. 

August  10  o 

October  31  a 

R.L.Cooper             

Feet. 
22.5 
21 

11.2 

15.5 

15.6 

12 

14 

7.3 

7.3 
9.1 

16.7 
6.6 

14.7 
7.0 
7.9 
6.2 
7.2 
8.4 
6.1 
9.9 
7.2 

18.3 
8.8 
8.0 
9.7 
9.6 

10.9 

11.1 

Feet,   \sec.-ft. 
1.25  '         fi-i 

do 

1.16 

1.20 
1.33 
1.55 
1.25 
1.20 
1.22 
1.24 
1.19 
1.26 
1.37 

3 

1909. 

January  23 

April  9 

J.B.Stewart         

4.2 

do 

9.6 

May  25 

.  .  do              

20.6 

June  27 

do 

4.8 

July  28 

W.  H.  Sutton 

3.8 

August  3 

do 

12 

12 

13 

12.5 

12.5 

12 

13 

12.3 

14.3 

13.0 

12.5 

13.0 

13.0 

13.0 

13.0 

4.1 

August  7 

do 

4.4 

August  9 

do 

3.7 

August  11 

do 

4.8 

August  12 

do 

0.4 

August      13.            .     .     .     r 

dn            

1.20  '         3.« 

August  15 do 

August  16 do 

August  18 do 

August  19 do 

August 20 1  C.  D.MUler 

August  21 t do 

Do 1 do 

August  24 < do                 .   _   

1.45 
1.30 
1.96 
1.36 
1.36 
1.41 
1.41 
1.60 
1.60 
1.60 
1.20 
1.26 
1.30 

13.6 
5.6 
73 
9.4 
10.1 
13.9 
13.7 
18.7 

August  26 

do 

18.  T 

September  26... 

October  14 

October  25 

November  26... 

J.B.Stewart       

6  20.0 

C.D.Mmer 13.6 

W.  B.  Freeman 12.5 

0.  H.  Kussell 12.5 

1 

7.5 
6.2 

7.6 

6.1 
4.3 
6.8 

a  Published  in  Water  Supply  Paper  247  as  miscellaneous. 


b  Estimated. 
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SUEFACE  WATER  SUPPLY,   1909,   PART  VII. 


Daily  gage  heighty  infeety  of  Rayado  River  at  Abreu's  ranchy  near  Cimarron,  N.  Mex,, 

for  1909. 

[W.  W.  Dougan,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 
1.6 

June. 

"i.45* 
""i.'45" 

1.4 

'*i:4/ 

July. 
1.3 

Aug. 
1.2 

Sept. 

1.35 

1.5 

1.4 

1.5 

1.9 

1.8 

1.7 

1.65 

1.6 

1.9 

1.7 

1.5 

1.45 

1.4 

1.35 

1.35 

1.3 

1.28 

1.28 

1.3 

1.28 

1.25 

1.25 

1.2 

1.2 

1.18 
1.18 
1.16 
1.20 
1.22 

Oct. 

Nov. 

1.30 
1.26 
1.28 
1.30 
1.29 

1.30 
1.30 
1.27 
1.29 
1.30 

1.30 
1.28 
1.27 
1.28 
1.30 

1.27 
1.30 
1.30 
1.29 
1.30 

1.30 
1.30 
1.28 
1.29 
1.29 

1.30 
1.30 
1.30 
1.28 
1.27 

Dec. 

1 

1.3 

1.2 

1.2- 

1.2 

1.22 

1.25 

1.25 

1.3 

1.28 

1.28 

1.28 

1.26 
1.26 
1.30 
1.30 
1.28 

1.30 
1.32 
1.34 
1.32 
1.3 

1.3 

1.3 

1.3 

1.28 

1.28 

1.30 
1.32 
1.30 
1.30 
1.28 
1.32 

1.29 

2 

1.30 

3 

1.25 

'"i.'26" 

1.3 
1.3 

*i.'4" 

1.5 

"i.e"' 

"i.'e" 
*i.'7 

1.6 

1.3 
"*i.'35* 

*i."52' 

"i.s  ■ 

1.25 

1.28 
1.36 
1.G9 

1.30 

1.12 

1.2 

1.2 

1.2 

1.26 
1.21 
1.20 
1.22 
1.45 

1.29 
1.25 
1.64 
1.35 

1.30 

4 

1.32 

5 

1.25 

1.33 

6 

1.3 
*i*3" 

1.33 

7 

115  i 

1.25 

1.30 

8 

1.32 

9 

1.2 

1.34 

10 

1.25 

1.35 

1.35 

11 

1.38 

12 

1.2 

1.4 

1.2 

1.40 

13 

1.6 

"i.h" 

1.31 

14 

1.2 

1.2 

1.25 

1.35 

1.4 
1.4 

1.2 

1.25 

i.2  ' 

"i.'2" 

1.36 

15..... 

16 

17 

1.70 

1.55 

1.3 

1.70 

IS 

1.3 

1.70 

19 

1.80 

1.6 

1.3 

1.72 

20 

1.2 

1 

1.73 

21 

1.3 

1.3 

1.50 

1.55 

1.3 

1.75 

22! :: : 

1.2 

1.40 

1.78 

23 

1.2 
1.2 
1.2 

1.5 
**i.'52' 

"1*5  ' 

i.3 
1.25 

1.79 

24 

25 

1.3 

1.3 

1.5 

1.25 

1.52 
1.50 

1.5 

1.45 

1.4 

1.4 

1.4 

1.4 

1.80 
1.82 

26 

1.5 

1.25 
1.25 

1.25 
...... 

...... 

1.3 

1.35 

27 

1.35 

28 

1.3 

1.3 

i.55 
1.55 

1.40 

•29 

1.45 

1.25 

1.41 

30 

1.38 

31 

1.35 

1.5 

1.40 

Note.— Ice  conditions  January  1  to  alwut  February  28,  December  4  and  December  17  to  25.    December  4 
reading  to  top  of  ice  2  inches  thick.    December  17  to  25  readings  to  top  of  ice  3  to  4  inches  thicJc. 

Daily  dischargCy  in  second-feet ,  of  Rayado  River  at  Ahreu^sranchy  near  Cimarrony  N.  Mex., 

for  1909. 


Day. 


7.. 
8.. 
9., 
10.. 

11.. 
12.. 
13.. 
14.. 
15.. 

16.. 
17.. 
18.. 
19.. 
20.. 

21.. 
22.. 
23. 
24.. 
26.. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

5.2 

3.8 

6.7 

6.7 

28 

18 

5.2 

3.8 

6.7 

8.5 

24 

16 

5.2 

3.8 

6.7 

10.2 

19 

16 

5.2 

3.8 

6.7 

12 

24 

16 

5.2 

3.8 

6.2 

9.4 

28 

14 

4.2 

3.8 

5.7 

6.7 

28 

12 

3.2 

3.8 

5.2 

6.7 

28 

12 

3.3 

3.8 

5.2 

6.7 

34 

12 

3.4 

3.8 

5.2 

8.0 

39 

12 

3.5 

3.8 

5.2 

9.4 

34 

12 

3.7 

3.8 

5.2 

9.4 

28 

12 

3.8 

3.8 

5.2 

9.4 

28 

12 

3.8 

3.8 

5.2 

9.4 

28 

12 

3.8 

3.8 

5.2 

9.4 

28 

12 

3.8 

4.0 

5.4 

19 

28 

12 

3.8 

4.8 

5.6 

29 

26 

9.4 

3.8 

5.7 

5.8 

39 

24 

6.7 

3.8 

6.7 

6.1 

46 

26 

6.7 

3.8 

6.7 

6.3 

52 

28 

6.7 

3.8 

6.7 

6.5 

36 

26 

6.7 

3.8 

6.7 

6.7 

19 

24 

6.7 

3.8 

6.7 

6.7 

19 

22 

6.7 

3.8 

6.7 

6.7 

19 

19 

6.7 

3.8 

6.7 

6.7 

19 

20 

5.2 

3.8 

6.7 

6.7 

19 

21 

5.2 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

6.7 

3.8 

9.4 

3.8 

6.7 

6.7 

5.0 

19 

3.8 

5.5 

6.7 

6.1 

12 

3.8 

6.1 

8.0 

9.9 

19 

4.4 

6.7 

9.4 

38 

66 

5.2 

6.4 

15 

6.7 

52 

5.2 

6.7 

21 

4.4 

39 

6.7 

6.7 

14 

3.8 

34 

6.1 

5.8 

6.7 

3.8 

28 

6.1 

6.4 

5.2 

3.8 

66 

6.1 

6.7 

4.5 

5.5 

39 

5.5 

6.7 

3.8 

4.1 

19 

5.5 

6.1 

3.8 

3.8 

16 

6.7 

5.8 

3.8 

4.4 

12 

6.7 

6.1 

4.5 

16 

9.4 

6.1 

6.7 

5.2 

6.4 

9.4 

6.7 

5.8 

4.5 

5.2 

6.7 

7.8 

6.7 

3.8 

32 

6.1 

8.8 

6.7 

3.8 

9.4 

6.1 

7.8 

6.4 

3.8 

10.3 

6.7 

6.7 

6.7 

3.8 

11.1 

6.1 

6.7 

6.7 

3.8 

12 

5.2 

6.7 

6.7 

4.5 

16 

5.2 

6.7 

6.1 

5.2 

21 

3.8 

6.1 

6.4 

5.2 

19 

3.8 

6.1 

6.4 

Dec. 


6.4 
6.7 
6.7 
6.0 
8.3 

8.3 
6.7 
7.8 
8.8 
9.4 

10.9 

12 
7.2 
9.9 
8.0 

6 
6 
6 
7 

7 

7 
8 
8 
8 
8 
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Daily  discharge^  in  second-feety  o/Eayado  River  at  Ahreu's  ranch,  near  Cimarron^  N.  Mex., 

for  1909— Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

26 

3.8 
3.8 
3.8 
3.8 
3.8 
3.8 

6.7 
6.7 
6.7 

6.7 
6.7 
6.7 
6.7 
6.7 
6.7 

19 
22 
24 
24 
26 

20 
19 
18 
16 
18 
19 

6.2 
5.2 
6.2 
6.2 
6.0 

6.2 
4.5 
3.8 
3.8 
3.8 
6.7 

19 
16 
12 
12 
12 
12 

3.6 
3.6 
3.3 
3.8 
4.4 

6.7 
7.8 
6.7 
6.7 
6.1 
7.8 

6.7 
6.7 
6.7 
6.1 
6.8 

9.4 

27 

9.4 

28 

12 

29 

12.7 

30 

10.9 

31 

12 

Note.— These  discharges  are  based  on  a  rating  curve  which  is  fairlv  well  defined  below  80  second-feet. 
Periods  for  waich  gage  heights  are  missing  were  obtained  by  interpoliation. 

Monthly  discharge  of  Rayado  River  at  Abreu*s  ranchy  near  Cimarrony  N.  Mex.  y  for  1909. 


Month. 


Discbarge  in  second-feet. 

Run-off 

(tot<il  In 

Maximum. 

Minimum. 

Mean. 

acre-feet). 

6.2 

3.2 

3.98 

246 

6.7 

3.8 

5.05 

280 

6.7 

6.2 

6.12 

376 

52 

6.7 

18.4 

1,090 

39 

16 

24.9 

1,530 

18 

5.2 

9.78 

582 

21 

3.8 

6.17 

379 

38 

3.8 

11.1 

682 

66 

3.3 

17.3 

1,030 

8.8 

3.8 

6.25 

384 

6.7 

5.6 

6.39 

380 

12.7 

6 

8.40 

516 

66 

3.2 

10.3 

7,470 

Kccvh 
racy. 


January 

Februarj' 

March 

April 

May 

June. 

July 

August 

September 

October 

November 

December 

The  year 


RAYADO   RIVER   NEAR   SPRINGER,  N.  MEX. 

This  station,  which  was  estabhshed  July  9,  1907,  to  obtain  data 
concerning  the  amount  of  water  available  for  storage  and  irrigation, 
is  located  at  the  proposed  site  of  the  Farmers  Development  Com- 
pany's reservoir  dam,  and  about  one-half  mile  north  of  their  office, 
which  is  at  Miami  ranch,  12  miles  west  of  Springer,  the  nearest  rail- 
road point.  The  records  have  been  obtained  in  cooperation  with  the 
territorial  engineer  of  New  Mexico. 

The  station  is  about  6  miles  above  the  junction  of  the  Rayado  with 
Cimarron  River,  and  below  the  important  .tributaries.  The  drainage 
area  is  about  100  square  miles.  Considerable  water  is  diverted  for 
irrigation  above  this  point. 

The  rod-gage  datum  has  remained  permanent  since  the  station 
was  established.  Discharge  measurements  are  made  by  wading. 
The  flow  is  practically  unaffected  by  ice.  The  stream  bed  is  fairly 
permanent,  and  good  results  will  be  obtained  when  the  discharge 
has  been  well  defined  by  measurements. 

The  station  was  abandoned  in  October,  1909. 
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Discharge  measurements  of  Rayado  River  near  Springer j  N.  Mex.,  in  1909. 


Date. 

Hydrographer. 

^wt*-  ^tfoSllhSX 

Dis- 
charge. 

January  23 

Do 

J.  B.  Stewart 

Feet.   !    Sq.ft. 
3. 4            0. 46 
7.2            1.3 
14.5            4.0 
12.5  1          2.9 

Feet. 

0.06 

.05 

.29 
.22 
.06 
.40 

Sec.'ft. 
0.29 

do 

.2 

Aprils 

...do 

5.9 

May  25 

do , 

2.7 

July  26 

W.  n.  Sutton 

0.2 

September  13.. 
October  14 

J.  B.  Stewart 

aiR 

C.  D.  Miller  

.20  ;        a.  a 

October  26 

W.  B.  Freeman j       8     |         1.9 

-15 

1.3 

a  Estimated. 

Daily  gage  heighly  in  feet,  of  Rayado  River  near  Springer,  N.  Mex.,  for  J 909. 
(J.  W.  Ausherman,  observer.) 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

0.20 
.39 
.4 
.4 
.4 

.4 

.39 
.40 
.42 
.40 

.32 
.32 
.31 
.29 
.30 

.32 
.3 
.3 
.14 

.3 
.3 
.24 

June. 

July. 

Aug. 

1                    1 

0.25 
.3 
.3 
.4 

.38 

.4 
.3 
.3 

.28 
.3 

.3 
..31 
.44 

.32 
.30 

.4 

.51 
.6 
.61 
.5 

.48 

.4 

.25 

.2 

.29 

.33 
.30 
.31 
.33 
.29 

0.22 
.2 
.2 

.2 
2 

.2 
.2 
.2 

■■.ii 

.1 
.1 

.12 

.i' 

.1 
.1 

.09 
.09 
.09 

.1 

"     .09 

0.08 
.08 
.08 
.OS 
.08 

.20 
.09 
.08 
.08 
.08 

"   ".08" 
.10 
.08 
.05 

.05 
.05 
.08 
.08 
.08 

.08 
.10 
.08 
.08 
.08 

.08 
.06 

2.: 

3                   

' " '  6.  i 

0.1 

O.l 

0.10 
.09 

4 

5                         

.1 

08 

6 

7 

8 

.1 

.08 

9      

.1 
.1 

.  1 

06 

10 

11 

12 

.06 

.06 

13 

14 

A 

.1 

.08 
.08 

15                      .     .                

.15 
.15 

!l5 

.15 

08 

16 

.08 

17 

\8 

.1 

.i' 

."i 

.1 

19             

20  



21            

22 

23            

24 

25               •. 

.1 

.15 

.15 
.15 
.15 

.3 

22 

s 

.2 

.2 

.09 

.09 
.09 
.OS 
.08 

26 

27 

.1 

28 

29                   

.06 

12 

.30 

.  15. 

31         

• 

.00 
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Daily  discharge  j  in  second-feet,  of  Ray  ado  River  near  Springer ,  N.  Mex.^for  1909. 


Day. 


1. 
2. 
3. 

4. 

5. 

6. 
7. 
8- 
9- 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23- 
24. 
25. 

26. 
27. 
28. 
29 
30. 
31. 


Jan. 


Feb.       Mar. 


0.4 
.4 
.4 
.4 
.4 

.4 
.4 
.4 
.4 
.4 

.4 
.  t 
.4 
.4 
.4 

.4 
.4 
.4 
.4 
.4 

.4 
.4 
.4 
.4 
.4 

.4 
.4 
.4 


0.4 
.4 
.4 
.4 
.4 

.4 
.4 
.4 
.4 
.4 

.4 
.4 
.4 
.4 
.4 

.4 

.8 
.8 
1.8 


1.8 
1.3 
.8 

.8 
.8 
.8 
.8 
.8 
2.3 


Apr. 


3.8 
5.8 
5,8 

11 

10 

11 
5.8 
5.8 
5.0 
5.8 

5.8 
0.3 
13 
6.8 
8.9 

11 
18 
25 
26 
17 

16 

11 
3.8 
1.8 
5.4 

7.4 
5.8 
6.3 
7.4 
5.4 


May. 


1.8 
10  - 
11 
11 
11 

11 
10 
11 
12 
11 

6.8 
6.8 
6.3 
5.4 
5.8 

6.8- 
5.8 
6.8 
.7 
3.2 

5.8 
6.8 
3.4 
4  6 

5.8 

2.6 
1.8 
1.8 
1.8 
1.8 
1.8 


June. 


July. 


0.4 
.4 
.4 
.4 
.4 

1.8 
.4 
.4 
.4 
.4 

.4 
.4 
.4 
.4 
.3 

.3 
.3 
.4 
.4 
.4 

.4 
.4 
.4 
.4 
.4 

.4 
.3 
.3 
.3 
.3 
.3 


Aug. 


0.4 
.4 
.4 
.4 
.4 

.4 
.4 
.4 

.3 
.3 

.3 
.4 
.4 
.4 
.4 

.4 

.4 
.4 
.5 
.5 

.5 
.5 
.5 
.5 
.6 


Note.— The  above  discharges  are  based  on  a  well-defined  rating  curve.    The  periods  for  which  gage 
heights  are  missing  are  interpolated. 

Monthly  discharge  of  Rayado  Jiiver  near  Springer y  N.  Mex.^for  1909. 


January.. 
February. 

March 

April 

May 

June 

July. 

Augast... 


Month. 


The  period . 


Dischai^  in  second-feet. 


Maximum.   Minimum, 


Mean. 


0.4 

0.4 

.4 

.4 

2.3 

.4 

26 

1.8 

12 

.7 

2.6 

.4 

1.8 

.3 

.6 

.3 

0.4 
.4 
.75 
9.26 
6.14 
.84 
.42 
.45 


Run-off 
(total  in 
acre-feet). 


25 
22 
46 
551 
378 
50 
26 
28 


1,130 


Accu- 
racy. 


MORA  RIVER  AND  LA  CUEVA  CANAL  AT  LA  CUEVA,  N.  MEX. 

This  station,  which  was  established  August  25,  1903,  primarily  to 
determine  the  amount  of  water  available  for  storage,  is  located  at 
the  wagon  bridge  at  La  Cueva,  N.  Mex.,  in  the  Mora  land  grant,  26 
miles  north  of  Las  Vegas,  N.  Mex.  Since  July,  1907,  the  records 
have  been  obtained  in  cooperation  with  the  territorial  engineer  of 
New  Mexico. 
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The  station  is  a  few  miles  above  the  mouth  of  the  CeboUa  and  a 
short  distance  downstream  from  the  intake  of  La  Cueva  Canal,  and 
just  below  the  canal  waste  way.  This  canal  carries  water  for  irriga- 
tion, and  during  the  nonirrigating  season  it  is  used  as  a  feeder  for  a 
reservoir  below.    • 

The  canal  rod  gage  is  located  at  a  footbridge  below  the  wasteway, 
just  north  of  the  gaging  station  on  the  river.  The  datum  of  the 
canal  gage  has  remained  constant  and  gage  readings  have  been  taken 
continuously  since  the  station  was  established  whenever  there  was 
any  water  in  the  canal.  Apparent  discrepancies  in  the  gagings  of 
the  canal  are  accoxmted  for  by  the  fact  that  the  bed  of  the  canal 
occasionally  contains  a  considerable  deposit  of  silt,  which  is  cleaned 
out  at  intervals. 

A  little  water  is  diverted  above  the  station  for  irrigation  in  addi- 
tion to  that  taken  out  by  La  Cueva  canal,  and  considerable  land  is 
irrigated  below  the  station.  By  developing  the  available  storage 
at  reservoir  sites  in  that  locaUty  it  will  be  possible  to  utilize  the 
entire  flow  of  the  stream  for  irrigation. 

The  original  gage  was  washed  out  in  the  flood  of  September  29, 
1904,  and  was  replaced  by  another  at  practically  the  same  section 
on  April  29,  1905.  The  datum  of  this  staff  gage,  which  is  still  in  use, 
is  1.32  feet  above  that  of  the  original  gage. 

Fair  measurements  can  be  made  by  wading  at  low  stages;  high- 
water  measurements  must  be  corrected  for  the  skew  of  the  bridge. 
The  channel  is  subject  to  some  shifting,  but  fair  results  should  be 
obtained  by  making  frequent  measurements  at  the  higher  stages. 

Discharge  measurements  of  Mora  River  at  La  Ctieva,  N.  Mex.,  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Gage 
height. 

Dis- 
charge. 

January  21 

J.  B.  Stewart 

Fut. 
17.7 
15.5 
16.5 
21 
18 
10 
26 
17 
19 

Sq.ft. 
11.8 

9.4 
11.9 
23.7 
14.5 

4.0 
42 
15.0 
15.8 

Feet. 

0.64 

.60 

.60 

1.12 

.60 

.42 

2.20 

1.11 

1.08 

Sec.'ft. 
11.8 

April  6 

do 

8.6 

Do 

.do 

8.5 

May  23 

do 

48 

June  25 

..do..            

17 

July  29 

W.  H.  Sut  Ion 

2.7 

August  28 

do 

HI 

October  27 . . . 

W.  B.  Freeman 

15 

November  30. . . 

G.  H.  Russell 

15.6 

Daily  gage  height  j  in  feet ,  of  Mora  River  at  La  Cueva,  N.  Mex.  y  for  1909. 
[Hugh  Loudon,  observer.) 


Day.            Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

0.65 
.65 
.65 
.5 
.7 

0.6 
.6 
.6 
.6 
.45 

0.5 
.5 
.65 
.5 
.5 

0.7 
.85 
.8 
.95 
.9 

1.0 
.9 
.9 
.9 

1.0 

1.05 
.95 
.8 

1.25 

1.4 

0.4 
.4 
1.7 
1.2 
1.06 

1.6 
1.46 
1.45 
1.4 
3.45 

1.15 
1.15 
1.15 
1.15 
1.2 

1.15 

1.15 

1.1 

1.05 

1.06 

1.0 

1.05 

3 

4 

1.1 

5 

1.15 
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Daily  gage  height^  in  feet,  of  Mora  River  at  La  Cueva,  N.  Mex.yfor  1909 — Continued. 


Day. 

Jan. 

Feb. 

0.66 
.6 
.6 
.6 
.6 

.65 
.6 
.6 
.65 
.8 

.6 
.6 
.65 
.65 
.6 

.6 

.7 

.8 

.65 

.6 

.6 
.6 
.6 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

6 1. 

0.65 
.6 
.5 
.5 
.35 

.3 
.65 

.7 
.6 
.6 

.6 
.6 
.6 
.6 
.6 

.6 
.66 
.6 
.6 
.6 

.5 
.6 
.6 
.8 
.8 
.75 

0.4 
.5 
.5 
.5 
.6 

1.8 
.7 
.7 
.7 
.65 

.7 

.7 

.65 

.65 

.65 

■".'76' 
.65 
.6 
.6 

.5 

0.5 
.6 
.5 
.5 
.66 

.65 
.56 
.6 
.45 
.4 

.45 
.5 
.6 
.9 
.8 

.7 

.76 

.76 

.8 

.7 

.7 
.65 
.7 
.9 
.8 

1.05 

1.10 

1.16 

1.1 

1.0 

.95 
1.0 
.8 
.75 
.8 

.9 
.75 
.7 
.75 
1.2 

1.05 

1.1 

1.1 

1.05 

1.06 

1.06 

1.06 

1.0 

1.06 

1.1 

1.06 

1.3 
1.1 
1.1 
1.0 
1.0 

1.1 

1.2 

1.16 

1.10 

1.05 

.9 

.9 

.9 
1.4 
1.6 

1.2 
1.16 

.9 

.7 

.7 

.7 
.7 
.65 
.6 
1.1 

1.5 

1.4 

1.2 

1.16 

1.0 

.95 
.75 
.6 
.6 
.6 

.55 
.5 
.5 
.5 
.6 

.46 

.6 

.6 

.5 

.7 

.8 

.75 

.45 

.5 

.6 

.4 

1.0 
.9 
1.95 
1.0 
1.3 

1.3 
1.2 
2.3 
1.36 
2.3 

1.3 

1.2 

1.16 

2.56 

1.8 

1.75 
1.45 
2.8 
2.4 
3.15 

2.8 

2.55 

2.2 

2.1 

1.95 

1.7 

3.7 
3.0 
2.56 
2.3 
2.2 

2.1 
2.0 
1.9 
1.8 
1.7 

1.65 
1.6 
1.6 
1.55 
1.6 

1.45 
1.3 
1.3 
1.3 
1.3 

1.25 
1.25 
1.2 
1.2 
1.2 
1.15 

1.2 
1.2 
1.2 
1.3 
1.3 

1.3 
1.26 
1.25 
1.2  • 
1.1 

1.2 
1.2 
1.3 
1.26 
1.26 

1.2 

"i.2" 
1.2 

1.2 

1.1 

1.15 

1.15 

1.05 

1.1 

1.0 

1.06 

1.06 

l.l 

1.06 

1.06 

■i.05* 

1.06 
1.1 

1.1 
1.0 
.8 
1.1 
1.06 

1.1 

1.0 

1.06 

1.05 

1.05 

1.0 
1.0 

1.15 

7 

1.16 

8 

1.06 

9 

1.1 

10 

1.06 

U 

1.1 

12 

1.16 

13 

1.1 

14 

1.06 

15 

1.1 

16.  ... 

1.1 

17 

1.06 

18 

19 

20 

21 

22 

23 

24 

25 

26.       

27 

28       .  .  .. 

29 

1.1 
1.1 

30 

31 

,  and  March,  which  did  not  materially  affect 


Note.— Possible  ice  effect  at  times  during  Jam 
tbe  flow.    Ice  Jam  March  11.    River  frozen  December  18  to  31. 

Daily  discharge j  in  second-feet y  of  Mora  River  at  La  Cuevaj  N.  Mex.,for  1909. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

10 
10 
10 
10 
10 

12 

10 
6.6 
5.6 
1.0 

0 
12 
16 
10 
10 

10 
10 
10 
10 
10 

10 
12 
10 
10 
10 

5.5 
10 
10 
22 
22 
18 

12 

12 
7.8 
5.5 

16 

12 
10 
10 
10 
10 

12 
10 
10 
12 
22 

10 
10 
12 
12 
10 

10 
16 
22 
12 
10 

10 
10 
10 

10 
10 
10 
10 
3.8 

2.0 
6.6 
5.5 
6.5 
10 

12 
16 
15 
16 
12 

16 
15 
12 
12 
12 

14 
15 
12 
10 
10 

16 
15 
15 
16 
16 
6.5 

6.5 
5.5 
12 
5.5 
5.5 

6.6 

10 
5.6 
6.6 

12 

7.8 
7.8 
10 
3.8 
2.0 

3.8 
6.5 

10 

29 

22 

15 
18 
18 
22 
15 

16 
12 
15 
29 
22 

15 
26 
22 
34 
29 

42 

47 
52 
47 
38 

34 

38 
22 
18 
22 

29 
18 
15 
18 
57 

42 
47 
47 
42 
42 

42 
42 
38 
42 
47 
42 

38 
29 
29 
29 
38 

68 
47 
47 
38 
38 

47 
57 
52 
47 
42 

29 
29 
29 
79 
103 

57 
52 
29 
15 
15 

16 

15 
7.8 
5.5 

47 

42 
34 
22 
62 
79 

91 
79 
57 
52 
38 

34 
18 
10 
10 
10 

7.8 
5.5 
5.5 
6.5 
5.5 

3.8 
5.5 

10 
5.5 

16 

22 

18 
3.8 
5.5 
5.6 
2.0 

1.5 
.9 
106 
52 
36 

31 
22 
125 
26 
51 

49 

38 
166 

49 
151 

41 
31 
18 
172 
83 

76 
44 

143 
234 

188 
155 
111 
100 

84 

68 

49 
36 
36 
32 
268 

320 
211 
155 
125 
116 

120 
92 
82 
71 
61 

58 
53 
53 
48 
43 

39 
27 
27 
27 
27 

25 
25 
22 
22 
18 

18 
18 
18 
18 
22 

22 
22 
22 
29 
29 

29 
26 
26 
22 
15 

22 
22 
29 
26 
26 

22 
22 
22 
22 
22 

22 

15 
18 
18 
12 
15 

18 
18 
15 
12 
12 

10 
12 
12 
15 
12 

12 
12 
12 
12 
15 

15 
10 
2.5 
15 
12 

15 
10 
12 
12 
12 

10 
10 
12 
16 
15 

10 

2 

12 

3 

14 

4 

16 

6 

18 

6 

18 

7 

18 

8 

12 

9   

15 

10 

12 

11 

16 

12.     

18 

13 

15 

14 

12 

15 

15 

16 

16 

17.     

12 

18 

8 

19 

8 

20 

8 

21        

8 

22 

8 

23 

8 

24 

8 

25       

8 

26 

8 

27 

8 

28       

8 

29 

8 

30    

8 

31 

8 

Note.— These  discharees  are  based  on  curves  applicable  as  follows:  January  1  to  5,  estimated:  January  6 
to  July  31,  well  defined  below  57  second-feet;  August  1  to  September  27,  indirect  method  for  shifting  chan- 
neb;  September  28  to  December  17,  not  well  demied;  December  18  to  31,  estimated  on  account  of  ice  con- 
ditions; March  11  and  all  other  days  for  which  there  are  no  gage  heights,  interpolated. 
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Monthly  discharge  of  Mora  River  at  La  Cueva^  N.  Mex.yfor  1909. 


Month. 


Discharge  in  second-feet. 


Maximuin.  Minhnum. 


Mean. 


Run-off 
(total  in 
acre-feet). 


Accu- 
racy. 


January 

Febroary 

March 

April 

May 

June 

July -•. 

August 

Sep  tern  l)er 

October 

Noveml)er 

December 

The  year 


22 
22 
15 
29 
57 
103 
91 
234 
320 
29 
18 
18 


320 


0 

6.5 
2.0 
2.0 

15 
5.5 
2.0 
.9 

18 

12 
2.5 


10.3 
11.5 
11.3 
11.8 
35.4 
39.1 
24.7 
84.7 
76.2 
21.6 
12.6 
11.5 


29.2 


^5 

702 

2,180 

2,330 

1,520 

5,210 

4,530 

1,330 

750 

707 


21,200 


Discharge  measurements  of  La  Cueva  canal  at  La  Cueva^  N.  Mex.y  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Gage 
height. 

DIs- 
charge. 

April  6. . 

J.B.Stewart 

Feet. 

8.3 
8.7 
11.5 
8.5 
7.6 

9.7 
6.5 
9.6 
7.2 

Feet. 
0.55 
.85 
.50 
1.10 
.82 

Sec..f,.^ 

May  23 

do 

11.0 

July  29 

W.H.Sutton 

6.6 

August  28 

do 

10.6 

October  27 

W.  B.  Freeman 

6.6 

Daily  gage  height,  infect,  of  La  Cueva  canal  at  La  Cueva,  N.  Mex.,for  1909. 
[Hugh  Loudon,  observer.] 


Day. 


Jan. 


Feb. 


Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

0.05 

0.5 

0.9 

0.9 

0.8 

0.7 

1.2 

1.2 

0.3 

.05 

.5 

.75 

.8 

.95 

.45 

1.2 

1.2 

.3 

.05 

.3 

.75 

.8 

.9 

1.05 

1.2 

1.2 

.6 

.45 

.6 

.4 

.9 

.85 

.9 

1.2 

1.2 

.65 

.65 

.5 

.9 

.85 

.96 

.9 

(«) 

1.2 

.66 

.2 

.65 

.55 

.3 

(«) 

.86 

P. 

1.25 

.  66 

.25 

.5 

.6 

.8 

.9 

.9 

1.2 

.65 

.2 

.5 

.7 

.9 

.9 

1.3 

l.O 

1.5 

.65 

(") 

.5 

.7 

1.05 

.86 

1.1 

1.0 

.3 

.7 

(«) 

.2 

1.0 

1.05 

1.0 

1.2 

.9 

.3 

.7 

(a\ 

.6 

.85 

1.1 

.95 

(") 

.4 

.3 

.8 

{a\ 

.5 

.9 

1.05 

.9 

.5 

.3 

.8 

(aS 

.55 

.7 

1.05 

1.2 

.4 

.3 

.8 

(a) 

.75 

.8 

1.0 

.7 

(«) 

.3 

.3 

.7 

(<>) 

.0 

.85 

1.1 

.7 

(«) 

.45 

1.1 

.7 

(«) 

.5 

.95 

1.1 

.65 

(«) 

.35 

.25 

.2 

(a) 

.65 

.6 

1.1 

.6 

v\ 

.3 

.25 

.6 

.15 

.96 

.9 

1.0 

.5 

Iv 

.25 

.3 

1.05 

.2 

1.0 

1.15 

.9 

.5 

(«) 

.15 

.3 

.25 

.1 

.95 

.8 

1.0 

.6 

.65 

.1 

.2 

.7 

.1 

1.35 

.75 

.75 

.35 

.7 

(») 

.2 

.2 

.15 

1.1 

.85 

.8 

.6 

1.0 

1.2 

.2 

.9 

.3 

1.15 

.85 

.9 

.7 

.5 

1.25 

.2 

.7 

.3 

.9 

.8 

.8 

.76 

1.3 

.2 

.55 

.3 

1.15 

.9 

.9 

.8 

1.3 

.2 

.55 

(«) 

1.1 

.9 

1.2 

1.0 

.9 

1.3 

.2 

.9 

1.1 

.9 

1.0 

1.0 

.9 

1.3 

.9 

.85 

V 

1.15 

.8 

.9 

.6 

1.1 

1.3 

.5 

r) 

1.3 

.95 

.85 

.5 

1.15 

1.25 

.5 

.1 

ia) 

1.25 

.9 

.8 

.5 

1.15 

1.25 

1.0 

.2 

.5 

.9 

.5 

1.05 

.3 



Dec. 


I 
2 
3 
4 
5. 

6 
7, 
8, 
9 
10 

11 
12 
13 
14. 
15, 

16 
17. 
18. 
19. 
20, 

21. 
22. 
23. 
24 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


0.3 
.3 
.3 
.4 
.4 

(«) 

(«) 
.4 
.3 
.7 

.7 
.1 
(«) 

.as 

.05 

.as 

.05 
.05 
.05 
.05 

.05 
.05 
.05 
.05 
.05 

.05 

.a5 

.05 
.05 

(«) 


0.05 
(«) 

.2 

.15 

.1 

(«) 

h 
(°) 
(°) 


.1 

.1 
(°) 

.05 
.05 
.05 


.05 

.1 

.05 


a  Water  turned  out  of  canal. 


0.7 
.8 


.2 

(«) 

.5 
.55 
.5 
(«) 
.3 

.25 
.25 


(a) 


(«) 
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Daily  discharge,  in  second-feet,  of  La  Cueva  canal  at  La  Cueva,  N.  Mex.^for  1909. 


Day. 


Jan. 


1. 
2. 
3. 
4. 

5, 

6. 
7. 
8. 
9 
10, 

11. 
12. 
13 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21 
22. 
23. 
24. 
25. 

26. 
27. 
2S 
29. 
30. 
31. 


3.3 
3.3 
3.3 
4.5 
4.5 

0 

0 

4.5 

3.3 

8.6 

8.6 

1.6 

0 

1.2 

1.2 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 

1.2 

1.2 

1.2 

0 

0 


Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

1.2 

1.2 

6.8 

12 

12 

10 

8.7 

0 

1.2 

5.8 

9.3 

10 

13 

4.9 

2.4 

1.2 

3.3 

9.3 

10 

12 

14 

2.0 

1.2 

6.8 

4.6 

12 

11 

11 

1.6 

5.2 

5.8 

12 

11 

13 

10.7 

0 

6.6 

6.5 

6.5 

3.3 

0 

9.6 

.  0 

2.4 

5.8 

7.2 

10 

12.2 

10 

0 

2.8 

6.8 

8.6 

12 

12.2 

16.7 

0 

2.4 

5.8 

8.6 

15 

11.4 

12.8 

0 

0 

2.4 

14 

16 

14.0 

14.2 

0 

0 

5.8 

11 

16 

13.1 

0 

0 

0 

6.8 

12 

16 

12.2 

0 

0 

0 

6.5 

8.6 

16 

23 

0 

0 

0 

9.3 

10 

14 

9.2 

0 

1^6 

0 

7.2 

11 

16 

9.2 

0 

1.6 

0 

5.8 

13 

16 

8.4 

0 

0 

0 

7.9 

7.2 

16 

7.6 

0 

1.2 

2.0 

13 

12 

14 

6.4 

0 

1.2 

2.4 

14 

17 

12 

6.4 

0 

1.2 

1.6 

13 

10 

14 

6.4 

6.4 

0 

1.6 

21 

0.3 

9.3 

4.5 

6.8 

0 

2.0 

16 

11 

10 

7.9 

10 

0 

3.3 

17 

11 

12 

9.6 

2.9 

0 

3.3 

12 

10 

10 

10.4 

0 

1.6 

3.3 

17 

12 

12 

11.3 

0 

1.2 

0 

16 

12 

18 

14.8 

7.8 

1.6 

0 

16 

12 

14 

14.9 

7.6 

1.2 

0 

17 

10 

12 

8.1 

10.5 

0 

20 

13 

11 

6.6 

11.7 

0 

19 

12 

10 

6.4 

11.7 

5.8 

12 

6.1 

9.9 

Sept.     Oct. 


12.6 
12.6 
12.5 
12.6 
0 

0 

0 

9.1 

9.1 

7.5 

1.8 
2.6 
1.8 
1.1 
2.2 

1.4 
1.1 
.8 
.3 
.1 

0 

12.5 
13.4 
14.3 
14.3 

14.3 
14.3 
14.3 
13.4 
13.4 


12.5 
12.5 
12.5 
12.6 
12.5 

13.4 
12.5 
17.9 
1.1 
LI 

1.1 
1.1 
1.1 
1.1 
10.8 

.7 
.7 
1.1 
1.1 
.5 

.6 
.5 
.6 
.6 
.6 

.6 
7.5 
2.6 
2.6 
9.1 
1.1 


Nov. 


1.1 
1.1 
3.6 
4.2 
4.2 

4.2 
4.2 
4.2 
4.8 
4.8 

6.1 
6.1 
6.1 

4.8 
4.8 

.5 
3.6 

9.9  I 

4!8 ; 

.si 

7.5 
4.8 
3.1 


7.5  t 
6.8 
3.4  I 

■5  I 


Dec. 


4.8 
6.1 
3.3 
.6 
0 

2.0 

3.1 

2.6 

0 

1.1 

.7 
.7 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 


Note.— Discharges  January  1  to  July  6  are  based  on  a  rating  curve  which  is  poorly  defined.     The  indirect 
method  for  shifting  channels  is  ased  tot  the  remainder  of  the  year. 

Monthly  discharge  of  Im  Cueva  canal  at  La  Cueva,  N.  Mex.,for  1909. 


Month. 


January 

February 

March 

April 

May 

June 

July 

.\ugust 

September 

October 

November 

December 

The  year 


Discharge  In  second-feet. 

Run-off 

(total  in 

Maximum. 

Minimum. 

Mean. 

acre-feet). 

8.6 

0 

2.09 

129 

2.4 

0 

.70 

39 

6.6 

0 

1.59 

98 

21 

2.4 

10.4 

619 

•  17 

4.5 

10.6 

652 

18 

3.3 

12.6 

750 

23 

0 

10.0 

615 

16.7 

0 

6.32 

389 

14.3 

0 

7.30 

434 

17.9 

.5 

4.96 

305 

9.9 

.1 

4.04 

240 

6.1 

0 

.82 

50 

23 

0 

5.95 

4,320 

Accu- 
racy. 


SAPELLO  RIVER  AT  LOS  ALAMOS,  N.  MEX. 

This  station,  which  was  estabUshed  August  22,  1903,  to  determine 
the  amount  of  water  available  for  diversion  into  the  San  Guijuella 
reservoir  for  the  Las  Vegas  project,  is  located  about  100  yards  up- 
stream from  the  post-office  and  general  store  at  Los  Alamos,  N.  Mex., 
13  miles  north  of  Las  Vegas,  the  nearest  railroad  point. 
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The  proposed  reservoir  lies  about  6  miles  northwest  of  Las  Vegas, 
has  a  storage  capacity  of  about  40,000  acre-feet,  is  to  be  filled  frord 
the  Gallinas,  Sapello,  and  other  streams  in  that  vicinity,  and  is  to  be 
used  for  the  irrigation  of  10,000  acres  of  land.  The  station  is  situated 
about  4  miles  below  the  mouth  of  the  ManueUtos  and  a  few  miles 
above  the  junction  of  the  Sapello  with  Mora  River.  A  considerable 
portion  of  the  normal  flow  of  the  stream  is  diverted  for  irrigation 
above  the  station. 

The  original  gage  was  destroyed  by  a  flood  on  September  29,  1904, 
and  was  replaced  in  April,  1905,  by  the  present  chain  gage  400  feet 
upstream,  and  at  a  different  datum.  Results  for  short  periods  during 
the  winter  season  are  sometimes  affected  by  ice  on  this  stream. 

The  channel  is  somewhat  shifting  in  character,  and  on  account  of 
the  inadequacy  of  discharge  measurements,  especially  at  the  higher 
stages,  results  have  not  been  entirely  satisfactory.  Discharge 
measurements  are  made  from  cable  during  high  stages  and  by  wading 
at  miscellaneous  sections  during  low  stages.  Cable  is  located  about 
200  feet  above  chain  gage. 

Discharge  measurements  of  Sapello  River  at  Los  Alamos^  N.  Mex.y  in  1909. 


Date. 

Ilydrographer. 

Width. 

Feet. 
9 

8.5 
9.2 
4.3 

12 

22 
8 

11 

Area  Of 
section. 

hei^t. 

DIs- 
cliarge. 

January  21 

April  6 

MBy23 

June  25 

J.  B.  Stewart 

2.9 
2.7 
.8 
3.8 
24.6 
2.6 
8.9 

Feet. 
-0.25 

-  .26 

-  .20 

-  .25 

-  .18 
.30 

-  .15 

-  .10 

^«f-, 

do                        ...           

1.6 

....  do 

1.4 

do       :   .: :.:...:.:.:.: 

.7 

July  29 

August  28 

October  27 

November  30... 

W.  H.Sutton 

do 

W.  B.  Freeman 

O.H.  Russell 

1.7 

12.6 

1.2 

1.6 

Daily  gage  heighty  in  feet ^  of  Sapello  River  at  Los  Alamos^  N.  Mejc.yfor  1909. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

1 

2 

3 

-0.2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .€ 

-  .2 

-  .2 

-  .1 

-0.3 

-  .3 

-  .3 

-  .3 

-  .3 

-  .3 

-  .3 

-  .3 

-  .3 

-  .3 

-  .3 

-  .3 

-  .3 

-  .3 

-  .26 

-  .3 

-  .3 

-  .3 

-  .3 

-  .35 

-0.25 

-  .25 

-  .25 

-  .25 

-  .25 

-  .25 

-  .25 

-  .25 

-  .2 

-  .2 

-  .2 

-  .3 

-  .3 

-  .8 

-  .3 

-  .3 

-  .3 

-  .3 

-  .3 

-  .3 

-0.3 

-  .3 

-  .3 

-  .3 

-  .3 

-  .26 

-  .2 

-  .2 

-  .2 

-  .2 

-  .25 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-0.25 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .25 

-  .2 

-0.2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 
.2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

July.     Aug. 


-0.2     -0.2 

-  .2     -  .2 

-  .2     -  .2 

-  .25   -  .2 

-  .26  I-  .2 

-  .26  -  .2 
.1  -  .2 
.05   -  .2 

-  .1     -  .2 

-.2    1      .6 

-  .2    '      .06 

-  .25   -  .15 
1.0  .0 

.1     -  .05 

...  .0 

1.25         .0 

-  .1    '-  .16 

-  .2    ;-  .2 

-.2    1      .36 

-  .26  '      .06 


Sept.     Oct. 


0.0 

-O.l 

-0.1 

-0-1 

.0 

-  .1 

—  .1 

—  .1 

.0 

-  .1 

— .  ,1 

—  .1 

.0 

-  .1 

—  ,1 

.1 

.76 

.0 

-  .1 

-  .1 

1.6 

.0 

^  .1 

^  ^j 

1.4 

-  .1 

^  .1 

_  ,x 

1.16 

-  .1 

^  .1 

—  .1 

.0 

-  .1 

_  ,1 

,1 

.05 

-  .1 

-  .1 

-  .1 

.06 

-  .1 

^  ^2 

_  ^J 

.06 

-  .1 

^  .1 

_  .1 

.05 

-  .1 

— .  ,1 

—  .1 

.05 

-  .1 

^  .1 

—  .1 

.05 

-  .1 

-  .1 

-  .1 

.0 

-  .1 

«.  ,1 

_  .1 

.0 

-  .1 

—  .1 

—  .1 

.0 

-  .1 

_  .1 

—  .  1 

.0 

-  .1 

—  .1 

—  .1 

•  .06 

-  .1 

—  .1 

—  .1 

Nov.     Dec. 


Digitized  by 


Google 


LOWER  MISSISSIPPI  BASIK. 


77 


Daily  gage  height  ^  in  feet  ^  of  Sapello  River  at  Los  Alamos,  N.  Mez.yfor  1909 — Contd. 


Day. 


Jan. 


21 -0.25 

22 -  .25 

23 -  .25 

24 -  .25 

25 -  .25 

26 '-  .25 

27 -  .3 

28 -  .3 

29 -  .3 

30 -  .3 

31 -  .3 


Feb. 


-0.35 

-  .3 

-  .25 

-  .25 

-  .25 


-  .25   -  .25 

-  .25    -  .3 


Mar. 


-0.3 

-  .3 

-  .3 
.3 

-  .3 


-  ,25 


.3 

-  .3 

-  .3 

-  .3 


Apr. 


-0.2 

-  .2 

-  .25 

-  .25 

-  .25 


May. 


-0.2 

-  .2 

-  .2 

-  .2 

-  .2 


-  .25   -  .2 
.25   -  .2 

-  .25  I-  .2 

-  .25  I-  .2 
.25  I-  .2 

......2 


June. 


-0.2 

-  .2 

-  .25 

-  .25 

-  .25 

.2 
.2 
.2 
.2 
.25 


July. 


-0.2 
.1 

-  .2 

-  .26 

-  .1 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 

-  .2 


Aug. 


0.05 
.0 
.05 
.05 
.05 

.05 

.05 

.05 

.0 

.0 

.0 


Sept. 


-0.1 

-  .1 

-  .1 

-  .1 

-  .1 

-  .1 

-  .1 

-  .1 

-  .1 

-  .1 


Oct. 


-0.1 

-  .1 

-  .1 

-  .15 

-  .15 

-  .15 

-  .15 

-  .1 

-  .1 

-  .1 

-  .1 


Nov.    Dec. 


-0. 


T 


-0.15 

-  .2 

-  .2 

-  .2 

-  .2 

-  .1 

-  .1 

-  .1 

-  .1 


Daily  discharge,  in  seco 

nd-/eetj  of  Sapello  River  at  Los  Alamos,  N.  Mex.^f 

or  1909. 

Day. 

Jan. 

Feb. 

Mar. 

1.3 
1.3 
1.3 
1.3 
1.3 

1.3 
1.3 
1.3 
1.9 
1.9 

1.9 
.8 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

1.5 
1.1 
1.1 
1.1 
1.1 
1.1 

Apr. 

1.1 
1.1 
1.1 
1.1 
1.1 

1.6 
2.1 
2.1 
2.1 
2.1 

1.5 
2.1 
2.1 
2.1 
2.1 

2.1 
2.1 
2.1 
2.1 
2.1 

2.1 
2.1 
1.3 
1.3 
1.3 

1.3 
1.3 
1.3 
1.3 
1.3 

May. 

June. 

July. 

1.1 

1.1 

1.1 

.7 

.8 

.8 
5.9 
4.8 
2.3 
1.2 

1.2 

.8 

72 

6.1 

1.3 

95 
2.4 
1.2 
1.2 

.8 

1.3 
1.0 
1.3 
.9 
2.6 

1.3 
1.4 
1.4 
1.4 
1.5 
1.5 

Aug. 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5, 
1.5 
1.5 
1.5 
29 

5.3 
2.0 
4.3 
3.4 
4.3 

4.3 
2.0 
1.5 
15 
5.3 

5.3 
4.3 
5.3 
5.3 
5.3 

5.3 
5.3 
5.3 
4.3 
4.3 
4.3 

Sept. 

4.3 
4.3 
4.2 
4.2 
39 

.159 
121 
77 
4.0 
6.0 

5.0 
5.0 
4.9 
4.9 
4.9 

3.9 
3.9 
3.8 
3.8 
2.9 

2.3 
2.3 
2.2 
2.2 
2.2 

2.2 
2.2 
2.2 
2.2 
2.1 

Oct. 

Nov. 

Dec. 

1 

1.4 
1.4 
1.4 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.6 
1.6 
2.8 

2.8 
2.8 
2.8 
2.8 
2.8 

1.1 
1.2 
1.2 
1.2 
1.2 

.7 
.7 
.7 
.7 
.7 
.7 

0.7 

L2 

.8 
.8 
.8 
.8 
.3 

.3 
.8 
1.3 
1.3 
1.3 

1.3 
1.3 
1.3 

1.2 
1.8 
1.8 
1.8 
1.8 

1.8 
1.8 
1.7 
1.7 
1.7 

1.7 
1.7 
1.7 
1.7 
1.7 

1.5 
1.5 
1.5 
1.0 
1.5 

1.4 
1.4 
1.4 
1.4 
1.4 

-1.4 
1.4 
1.4 
1.3 
1.3 
1.3 

1.3 
1.3 
1.3 
1.3 
1.3 

1.3 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.1 

1.1 
1.1 
1.1 
1.1 
1.1 

1.1 
1.1 

1.1 
1.1 
1.1 
1.1 

2.1 
2.1 
2.1 
2.1 
3.4 

3.4 
2.1 
2.0 
2.0 
2.0 

2.0 
2.0 
1.9 
1.9 
1.9 

1.9 
1.9 
1.8 
1.8 
1.8 

1.8 
1.8 
1.7 
1.2 
1.2 

1.2 
1.2 
1.7 
1.7 
1.7 
1.7 

1.7 
1.7 
1.7 

i:l 

1.7 
1.7 
1.7 
1.7 
1.7 

1.7 
1.7 
1.7 
1.7 
1.7 

1.6 
1.6 
1.6 
1.6 
1.6 

1.6 
1.6 
1.6 
1.6 
1.6 

1.6 
1.6 
1.6 
1.6 
1.6 

1.6 

2 

1.6 

3 

1.6 

4 

1.6 

5 

1.6 

6^ 

1.6 

1.6 

8 

1.6 

9          

1.6 

10 

1.6 

11 

1.6 

12 

1.6 

13 

1.6 

14 

1.6 

15 

1.6 

16 

1.6 

17 

1.6 

18 

1.6 

19 

1.6 

20 

1.6 

21 

1.1 

22 

.6 

23 

.6 

24 

.6 

25 

.6 

26          

1.6 

27 

1.6 

28 

1.6 

29 

1.6 

30 

1.6 

31 

1.6 

Note.— These  discharges  were  obtained  by  the  indirect  method  for  shifting  channels. 

Monthly  discharge  of  Sapello  River  at  Los  Alamos,  N.  Mex.,for  1909. 


Month. 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean. 


Run-off 
(total  in. 
acre-feet). 


Accu- 
racy. 


January 

Februaiy 

March 

AprU 

May 

June 

July 

August 

September 

October 

November 

December..... 

The  year 


2.8 
1.3 
1.9 
2.1 
1.8 
1.3 

95 

29 
159 
3.4 
1.7 
1.6 


0.7 

.3 

.8 

1.1 

1.0 

.7 

.7 

1.5 

2.1 

1.2 

1.6 


1.56 
.84 
1.19 
1.68 
1.54 
1.11 
7.01 
4.65 
16.2 
1.91 
1.66 
1.45 


96 

47 

73 

100 


431 


964 
117 


89 


159 


.3 


3.40 


2,460 
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SURFACE  WATER  SUPPLY,  1909,  PART  VII. 


UTE  GREEK  NEAR  LOGAN,  N.  MEX. 

This  station,  which  was  reestabUshed  April  13,  1909,  to  obtain 
records  of  the  flow  available  for  storage  and  irrigation,  is  located  7 
miles  northwest  of  Logan,  N.  Mex.,  4  miles  above  the  mouth  of  Ute 
Creek,  and  100  yards  northwest  of  the  old  Martinez  house.  The 
station  is  maintained  in  cooperation  with  the  territorial  engineer  of 
New  Mexico. 

No  important  tributaries  enter  Ute  Creek  below 'the  station  or  for 
several  miles  above.  The  stream  is  intermittent  in  character  and 
most  of  the  run-off  water  is  derived  from  heavy  rains  on  the  basin. 
A  Uttle  water  is  diverted  for  irrigation  above  the  station,  but  storage 
is  necessary  in  order  to  utilize  any  considerable  proportion  of  the 
flow  for  that  purpose.  Several  reservoir  sites  are  located  in  that  vicin- 
ity, the  best  known  of  which  is  probably  the  Ute  Creek  reservoir 
site,  a  few  miles  above  the*  gaging  station. 

Measurements  are  made  by  wading  near  the  gage.  Estimates  of 
flood  discharge  have  been  made  by  Kutter's  formula.  To  obtain 
good  results  it  will  be  necessary  to  install  a  cable  in  the  vicinity  of 
the  gage.  The  stream  bed  is  very  shifting  in  character  and  the  creek 
is  subject  to  sudden  rises,  so  that  results  obtained  will  at  best  be 
only  moderately  accurate. 

The  location  and  datum  of  the  inclined  rod  gage  has  remained 
constant  and  is  the  same  as  that  used  by  the  United  States  Reclama- 
tion Service  from  August  12,  1904,  to  June  30,  1906. 

Discharge  meatuYemenUi  of  Ute  Creek  near  Logan^  N.  Mex.,  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Gage 
height. 

Dis- 
charge. 

April  13 

Jmy  22 

J.  B.  Stewart 

Feet. 

Sq.ft. 

Feet. 
0.50 

Sec.-ft. 
0.2 

W.  H.Sutton 

(a) 

August  23 

do 

26 
96.5 
41 
26 

16.4 
83 
15.2 
10.2 

1.05 

2.10 

.90 

.80 

27 

Septembers.... 
October  21 

J.  B.  Stewart 

310 

W.  B.  Freeman 

10.4 

December  4  . 

0.  H.  Russell    

13.4 

a  Creek  dry. 

Note.— An  estimate  of  the  flood  of  September  6  was  made  by  slope  measurement.    The  maidmum 
gage  height  was  12.2  feet  and  discharge  22,900  seoond-feet. 
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Daily  gage  height ^  in  feet,  of  Ute  Creek  near  Logan,  N.  Mex.^for  1909. 
[Eligio  Martinez,  obserrer.] 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

0.3 
.3 
.3 
.3 
.2 

.2 
.2 
.2 
.2 
.2 

.2 
.2 
.2 
.3 
.3 

.3 
.3 
.3 
.3 
.3 

.3 
.3 
.3 
.3 
.3 

.3 
.3 
.3 
.36 
.5 

0.6 

2 

j 

.65 

3 



1.8 
1.9 
2.1 

2.1 
2.1 
1.9 
1.8 
1.0 

.85 
.55 

"i.'ss' 

1.6 
1.0 
.9 

.9 
.6 
.5 
.5 
.45 

.4 
.3 
.3 
.3 
.3 
.3 

.7 

4 

.8 

5 , 

.7 

0 

1 

7.5 
3.7 
2.4 
1.8 
1.3 

1.05 
1.1 

.95 

.7 
1.1 

1.4 
1.25 
1.0 
.95 
.55 

.35 
.25 
.10 

.7 

7 

.7 

8 

.7 

9 

1 

2.9 
1.7 

1.5 

1.5 

1.7 

.75 

9 

.7 

10 

.7 

11 

1 

.7 

12 

1 

.7 

13 

.7 

14 

.   . 

.7 

15 

2.3 

,7 

16 

2.2      1      1.1 

.7 

17 

1.7 

1.35 
3.15 

.7 

18 

.55 
.25 
.25 

.25 
.25 
.4 
.8 
2.05 

3.2 
1.3 
1.8 

.7 

19 :.: ;...::: 

2.1 
1.7 

1.65 
1.15 
1.1 
1.35 

.8 

.55 

.35 

.2 

.1 

.1 

.6 

20 1 

.6 

21 

22 

23 

24 

25 

26 

g:;;:::;;:::::::::::;:::::::;;::::::; 

0.75 
.55 
.2 

1.3 
.75 

.35 
.15 

.5 
.6 
.6 
.6 
.6 

.6 
.5 
.4 

29.   ...                                       

1.9     

2.5      

.4 

30 

.4 

31 

.4 

...            J 

1 

1 

Daily  discharge,  in  second-feet,  of  Ute  Creek  near  Logan,  N.  Mex.,for  1909. 


Day. 


1. 
2. 
3 
4. 
5 

6 

7, 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25. 

26 
27. 
28 
29 
30. 
31. 


May. 

June. 

» 

0 

0 

0 

0 

0 

■  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

420 

0 

360 

0 

164 

0 

1.1 

0 

0 

0 

0 

6.2 

0 

1.1 

0 

0 

0 

67 

8 

6.2 

290 

0 

1,160 

0 

67 

0 

196 

0 

232 

0 

560 

0 

July. 


Aug. 


0 
0 
0 
0 
0 

0 

0 

0 
890 
164 

110 
110 
164 

6.2 

0 

33 

78 

1,120 

310 

164 

150 
41 
33 

78 
8 

1.1 

0 

0 

0 

0 

0 


Sept. 


0 
0 
0 
0 
0 

9,500 
1,700 

490 

196 

67 

27 
33 
17 
4.5 
33 

88 
58 
21 
17 
1.1 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 


Oct. 


0 

0 
196 
232 
310 

310 
310 
232 
196 
21 

10 
1.1 
0 
0 
0 

0 
210 
132 

19 

11 

10 
1 
0 
0 
0 

0 
0 
0 
0 
0 
0 


Nov. 


Dec. 


4 
6 
8 
13 
8 

8 
8 
8 
8 
8 


Note.— Discharges  May  1  to  October  16  are  based  on  a  poorly  defined  rating  curve. 
lot  shiftixig  channflls  used  November  30  to  December  31. 


The  indirect  method 
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Monthly  discharge  of  Ute  Creek  near  Logan,  N,  Mex,,for  1909. 


May 

June 

July 

August 

September.. 

October 

November. . 
December.. 


Month. 


The  period. 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean, 


67 

1,160 

0 

1,120 

9.500 

310 

2 

13 


2.60 
115 
0 
112 
408 
71.0 
.07 
5.5 


Run-off 
(total  in 
acre-feet). 


160 

6,840 

0 

6,890 

24,300 

4,370 

4 

338 


42,900 


Accu- 
racy. 


YAZOO  RIVER  DRAINAGE  BASIN. 
DESCBIPTION. 

Yazoo  River  is  fonned  by  the  union  of  Tallahatchie  and  Yalobusha 
rivers  just  above  Greenwood,  Miss.,  whence  it  flows  southward  and 
southwestward  to  its  jimction  with  the  Mississippi  at  Vicksburg. 

Tallahatchie  River  and  its  large  tributary,  Coldwater  River,  rise 
in  the  northern  part  of  Mississippi.  Yokona  River,  also  an  important 
tributary  of  the  Tallahatchie,  comes  in  from  the  east  just  above  the 
mouth  of  the  Coldwater.  Yalobusha  River  rises  in  the  northern  part 
of  the  State,  farther  east  than  the  other  tributaries.  Sunflower  River, 
which  empties  into  the  Yazoo  about  20  miles  above  Vicksburg,  drains 
a  narrow  basin  along  the  upper  western  border  of  the  State  which  is 
cut  off  from  Mississippi  River  by  the  levees. 

The  drainage  area  may  be  divided  into  two  distinct  parts,  the  delta 
and  the  hill  lands.  The  delta  comprises  a  strip  of  land  east  of  the 
Mississippi  extending  from  the  state  line  on  the  north  to  Vicksburg  on 
the  south,  about  60  miles  wide  at  the  center  and  decreasing  in  width  to 
about  5  miles  at  either  end.  The  hill  lands  comprise  the  portion  of 
the  drainage  area  located  to  the  east  of  the  delta.  The  entire  delta  is 
traversed  by  many  small  streams  and  bayous  and  contains  numerous 
so-called  lakes,  which  are  really  old  river  channels.  During  high- 
water  periods  the  natural  channels  carry  water  from  one  stream  to 
another,  and  large  areas  are  covered  by  overflow  water. 

Except  for  the  land  that  has  been  cleared  for  cultivation — at 
present  a  relatively  small  amoxmt — the  drainage  area  is  forested. 
The  mean  annual  precipitation  is  about  50  inches.  Yazoo  River  is 
navigable  for  its  entire  length,  and  most  of  the  larger  tributaries  are 
navigable  for  small  boats.  The  tributaries  are  used  to  some  extent 
for  logging. 

The  data  collected  in  the  drainage  basin  are  of  value  for  drainage 
and  navigation  problems.  The  Tallahatchie  drainage  commission  is 
engaged  in  a  drainage  project  in  the  upper  portioa  of  the  basin. 
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TAIXAHATCHEB  BIVEIt  AT  BATESVILLB,  MISS. 

This  station,  wliich  is  located  at  the  county  highway  bridge  1  mile 
west  of  Batesville  and  about  2  miles  below  the  crossing  of  the  Illinois 
Central  Railroad,  was  estabUshed  on  Jime  15,  1906.  The  record  has 
been  continuous  since  that  time  except  for  a  break  from  August  1  to 
September  19,  1906.  The  station  is  now  maintained  in  connection 
with  the  Tallahatchie  drainage  commission. 

The  ground  on  the  right  bank  is  low  for  a  mile  or  more,  but  the 
road  has  been  raised  above  high  water  except  at  a  nimiber  of  bridged 
openings. 

Discharge  measurements  can  be  conveniently  made  at  all  stages 
and  the  relation  between  gage  heights  and  discharge  should  be  fairly 
constant.  A  chain  gage  attached  to  the  bridge  is  used,  the  datum  of 
which  has  remained  the  same. 

Discharge  measurements  of  TalJfihatchie  River  at  Batesvilhy  Miss.,  in  WOO. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Gage   1    Dis- 
height.  1  charge. 

February  18.... 

February  21 

May28 

Junel 

August  29 

Feet. 
Engineers  of  the  Tallanatchie  drainage  commission . .        198 

do ! 

Sq.ft. 
2,010 

1 
Feet.   \  Sec.-ft. 
11.90  ,      5.220 
ia91    all, 200 

do 

150 

1,200 

7.68         2,520 

.  do          

16.  47      1 8, 850 

E.  H.  Swett 

130 

638 

2. 58            391 

1 

a  Including  overflow  of  2,030  second-feet. 


b  Including  overflow  of  1,080  seoond-feet. 


Daily  gage  height,  in  feet,  of  Tallahatchie  River  at  Batesville,  Miss.,  for  1909. 
[John  S.  Gofl,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

6.8 
6.3 
6.9 
5.6 
5.2 

5.5 
6.9 
6.6 
5.4 
6.2 

5.2 
6.9 
10.6 
10.2 
9.8 

9.9 
10.0 
10.7 
11.2 
13.0 

13.9 
13.6 
12.7 
10.8 
8.0 

7  8 
7  5 
7.3 
7.2 

\* 

May. 

10.6 
10.0 
9.1 
8.9 
8.6 

8.5 
8.4 
8.4 
8.4 
8.7 

7.0 
5.4 
5.0 
4.7 
4.5 

4.4 

4.2 
4.1 
4.2 
6.6 

5.9 
6.5 
6.0 
6.4 
7  0 

10.6 
8.5 
7.7 
7  9 
8.2 

14.0 

June. 

July. 

'Z 

6.1 
6.9 
10.7 
11.9 

12.7 
12.6 
11.6 
9.6 
7.4 

5.0 
5.8 
5.7 
5.3 

4.8 

4.5 
4.3 
4.3 
4.4 
4.7 

4.7 
4.3 
4.0 
3.8 
3.4 

3.5 
3.6 
3.4 
3.3 
3.3 
3.2 

Aug. 

3.2 
3.5 
3.2 
3.1 
3.1 

3.3 
3.7 
4.4 
3.9 
3.7 

3.3 
3.3 
3.2 
3.2 
3.1 

3.0 
3.0 
3.0 
2.9 
2.9 

2.8 
2.8 
2.8 
2.7 
2.7 

2.7 
2.6 
2.6 
2.6 
2.6 
2.5 

Sept. 

Oct. 

Nov. 

- 

1 

3.7 
3.6 
3.5 
3.6 
3.9 

4.0 
4.2 
4.2 
3.9 
3.6 

3.6 
3.6 
3.6 
3.6 
4.1 

4.6 
6.5 
5.4 
5.3 
5.2 

4.9 
4.9 
4.8 
4.7 
4.7 

4.6 
4.4 
4.1 
3.7 
3.6 
3.6 

3.7 
3.8 
3.9 
3.9 
4.0 

4.1 
4.1 
5.0 
5.2 
5.8 

6.0 
6.0 
6.1 
9.2 
12.3 

11.5 
11.2 
11.9 
13.5 
15.6 

16.9 
16.7 
16.3 
16.0 
15.7 

15.3 
14.7 
14.7 

16.2 
16.9 
16.7 
16.1 
15.8 

14.3 
13.7 
13.2 
13.3 
13.3 

12.9 
11.6 
12.7 
13.7 
14.0 

13.9 
13.4 
13.1 
13.9 
15.0 

15.3 
14.7 
13.4 
12.4 
10.9 

9.5 

8.4 
8.1 
7.7 
7.4 
7.1 

15.3 
15.9 
15.3 
15.1 
15.6 

16.7 
16.7 
16.1 
15.2 
14.0 

12.4 
9.9 
7.5 

7.8 
7.9 

8.1 
8.4 
9.5 
9.6 
10.7 

11.9 
12.7 
12.6 
11  6 
9.6 

7.4 
6.9 
6.9 
6.8 
6.5 



2.5 
2.5 
2.5 
2.5 
5.8 

6.4 
4.8 
3.1 
3.2 
3.2 

3.2 
3.1 
3.0 
3.0 
2.9 

2.8 
2.7 
2.6 
2.6 
2.5 

3.4 
4.6 
3.9 
3.6 
3.4 

3.4 
3.3 
3.2 
3.0 

2.8 
2.7 
2.6 
2.6 
2.6 

2.5 
2.5 
2.5 
2.5 
2.4 

2.4 
2.4 
2.4 
2.4 
2.4 

2.4 
2.4 
2.4 
2.4 
2.5 

2.6 
2.5 
2.5 
2.5 
2.6 

2.5 
2.5 
2.4 
2.4 
2.4 
2.6 

2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
2.7 

2.7 
2.8 
2.7 
2.5 
2.5 

2.4 
2.4 
2.4 
2.4 
2.5 

2.7 
2.7 
3.1 
2.9 
2.8 

2.8 
2.8 

2.8 
2.8 
2.8 

77 

2                  .-   . 

?7 

3 

2.7 

4 

2.7 

5 

2.8 

6       

2.7 

7 

6.4 

8 

4.5 

9 

3.7 

10 

»7 

11 

3.7 

12 

7.1 

13          

6.7 

14 

6.7 

15 

6.2 

16 

5.2 

17 

4.9 

18 

4.5 

19        

4.0 

20 

3.7 

21 

,   3.4 

22          

3.3 

23 

3.3 

24 

6.8 

25 

7.1 

26 

6.9 

27 

5.3 

28 

5.3 

29 

5.3 

30 

5.2 

31 

6.2 

84549^— wsp  267—11 6 
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Daily  di$eharff€,  m  ucondrfut,  qf  Tallahatchie  River  at  BaUsville,  Miss,  ^  for  1909. 


D«y. 


1 

2 
3 
4 

5 

6 
7 
8 
9 
10 

11 
12. 
13 
14 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
20. 
30. 
31. 


Jan. 


815 
919 

055 

1,030 

1,030 

919 

815 

815 
781 
781 
815 
991 

1,170 
1,520 
1,480 
1,440 
1,400 

1,290 
1,290 
1,250 
1,210 
1,210 

1,170 

1,100 

991 

815 
815 


Feb. 


848 
863 

919 
919 
956 

991 

991 

1,320 

1,400 

1,640 

1,720 
1,720 
1,760 
3,310 
5,560 

4,900 
4,660 
5,220 
6,690 
9,180 

11,100 
10,800 
10,200 
9,760 
9,320 

8,760 
8,000 
8,000 


liar. 


10,100 
11,100 
10,800 
0,910 
9,460 

7,540 
6,890 
6,390 
6,490 
6,490 

6,100 
4,980 
5,920 
0,890 
7,200 

7,100 
6,590 
6,300 
7,100 
8,370 

8,760 
8,000 
6,500 
5,640 
4,440 

3,490 
2,840 
2,680 
2,480 
2,330 
2,200 


Apr. 


2,060 
1,840 
1,680 
1,560 
1,400 

1,620 
1,680 
1,560 
1,480 
1,400 

1,400 
1,680 
4,220 
3,940 
3,680 

3,750 
3,820 
4,300 
4,660 
6,200 

7,100 
6,790 
5,920 
4,360 
2,630 

2,530 
2,380 
2,280 
2,240 
2,330 


May. 


4,220 
3,820 
8,250 
3,130 
2,960 

2,900 
2,840 
2,840 
2.840 
3,010 

2,150 
1.480 
1,320 
1,210 
1,140 

1,100 
1,030 
991 
1,030 
1,620 

1,680 
1,520 
1,720 
1,880 
2,160 

4,220 
2,900 
2,480 
2,580 
2,740 
7,200 


June. 


8,760 
9,610 
8,760 
8,500 
9,180 

10,800 
10,800 
9.910 
8,630 
7,200 

5,640 
3,750 
2,380 
2,530 
2,580 

2,680 
2,840 
3,490 
3,560 
4,300 

5,220 
5,920 
5,820 
4,980 
3,560 

2,330 
2,100 
2,100 
2,060 
1,920 


July. 


1,880 
1,760 
1,680 
4,300 
5,220 

5,020 
5,820 
4,980 
3,560 
2,330 

1,320 
1,640 
1,600 
1,440 
1,250 

1,140 
1,060 
1,060 
1,100 
1,210 

1,210 

1,060 

955 

883 

747 

781 
781 
747 
713 
713 
679 


Aug. 


679 
781 
679 
645 
645 

713 

849 

1,100 

919 

849 

713 
713 
679 
679 
645 

613 
613 
613 
581 
561 


549 
549 
517 
517 

517 
485 
485 
485 
485 
455 


Sept 


466 
455 
466 

455 
1,640 

1,480 

1,250 

645 

679 

679 

679 
645 
613 
613 
581 

549 
517 
485 
485 
455 

747 
1,170 
919 
815 
747 

747 
713 
679 
613 
581 


Oct 


549 
517 
485 
485 
485 

455 
455 
455 
456 

425 

425 
425 
425 
425 
425 

425 
425 
425 
425. 
455 

455 
465 
455 
455 

455 

455 
455 
425 
425 
425 
455 


Nov. 


455 
455 
465 

455 
455 

455 
455 
455 
455 
517 

517 
540 
517 
455 

455 

425 
425 
425 
425 
455 

517 
517 
645 
581 
549 

549 
640 
549 
549 
549 


Dec 


517 
617 
517 
617 
549 

517 

1,480 

1,140 

849 

849 

849 
2,200 
2,020 
1,600 
1,400 

1,400 

1,290 

1,140 

955 

849 

747 

713 

713 

2,060 

2,200 

2,100 
1,440 
1,440 
1,440 
1.400 
1.400 


NoTE.~The  above  daily  dlseharsea  are  based  on  a  raUog  curve  well  defined  between  diacharges  500  and 
12,000  second-feet. 

Monthly  discharge  of  Tallahatchie  River  at  BatesvilU^  Miss.^  for  1909. 


Month. 


Maximum. 

Minimum. 

Mean. 

1,620 

781 

1,040 

11,100 

849 

4,700 

11,100 

2,200 

6,490 

7,100 

1,400 

3,080 

7,200 

991 

2,450 

10,800 

1,920 

5,400 

5,920 

679 

1,920 

1,100 

455 

641 

1,640 

455 

718 

549 

425 

450 

645 

425 

494 

2,200 

517 

1,190 

11,100 

425 

2,380 

Accu- 
racy. 


January 

February 

March 

June 

July 

August , 

September 

October 

November 

December 

The  year, 


TALLAHATOHIB  BIVER  AT  PHTIiTPP,  MISS. 

This  station  is  located  at  the  Yazoo  Mississippi  &  Valley  Railroad 
bridge  at  Philipp.  It  was  established  September  6,  1908,  for 
the  purpose  of  obtaining  run-oflF  data  in  connection  with  the  work  of 
the  Tallahatchie  drainage  commission. 

The  stream  above  the  station  will  at  times  overflow  the  surrounding 
country  for  a  distance  of  several  miles  on  either  side.     The  overflow, 
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however,  with  small  exceptions,  b  intercepted  by  the  railroad 
embankment  and  is  made  to  flow  in  the  main  channel  at  the  gaging 
station,  and  a  few  trestled  openings  in  the  railroad  embankment. 
Variations  in  the  relative  stage  of  the  river  below  the  station  will 
probably  so  affect  the  slope  as  to  disturb  the  relation  between  gage 
heights  and  discharge.  Judging  by  the  plotting  of  the  discharge 
measurements  so  far  made,  this  disturbance  does  not  appear  to  be 
great. 

The  datum  of  the  gage,  which  is  a  vertical  staff,  is  mean  sea  level; 
the  gage  readings  therefore  represent  elevations  above  sea  level. 
Measurements  are  made  from  the  downstream  side  of  the  railway 
bridge. 


DxKharge  measuremenU  of  Tallahatchie  River  at  Philipp,  Miss.,  in 

1908-9. 

Date. 

Width. 

Area  of 
section. 

Gage 
height. 

Dls- 
oharge. 

1906. 
Jane  13 

M.  R.  Hall 

Feet. 
192 
142 

178 
254 
306 

1,060 

1,300 
4,470 
6,460 

Feet. 
124.38 
115.35 

115.70 

132.65 

135.83 

136.20 

136.85 

129.70 

122.60 

133.2 

113.2 

Sec-ft. 
6,670 
1,860 

1,760 

11,600 

al2,500 

620,300 

c20,900 

6,710 

5,560 

11,600 

1,160 

Decembers 

W.A.Lamb 

1909. 
January  29 

Engineers  of  Tallahatchie  drainage  commission 

March  11 

Engineers  of  Tallahatchie  drainage  commission 

do 

March  26 

do 

Mftyi 

do 

210 
204 
300 
139 

4,740 

2,850 

6,030 

996 

May  22 

do 

Jime4 

do 

August  23 

E.  H.  Swett 

a  Does  not  i  ndude  overflow. 

t  Indudhig  overflow  of  7,000  second-feet. 


c  Including  overflow  of  7,640  second-feet. 


Daily  gage  hdght,  in  feet,  of  Tallahatchie  River  at  PhUipp,  Miss. ,  for  1909 — Continued. 

[O.  R.  Young,  observer.] 


Day. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jime. 


July. 


Aug. 


Sept 


Oct 


Nov. 


Dec. 


1. 
3. 
3. 
4. 

5. 

6. 
7. 
8. 
0. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 


116.5 
116.0 
115.9 
115.5 
115.3 

115.1 
115.6 
115.9 
116.0 
116.1 

116.3 
116.3 
116.3 
115.9 
115.9 

116.3 
116.5 
116.6 
116.7 
117.3 

117.3 
117.7 
117.6 
117.4 
116.9 


115.0 
114.9 
114.9 
115.0 
115.2 

115.4 
115.9 
116.1 
116.8 
117.6 

119.0 
120.0 
120.6 
121.0 
122.4 

123.7 
125.0 
126.0 
126.8 
127.4 

128.0 
12a  6 
129.1 
129.6 
130.1 


131.9 
132.2 
132.6 
132.8 
133.1 

133.4 
133.6 
134.0 
134.3 
134.6 

134.8 
135.0 
135.4 
135.6 
135.8 

135.9 
136.0 
136.1 
136.2 
136.4 

136.5 
136.6 
136.7 
136.8 
136.8 


136.4 
136.2 
133.9 
135.0 
134.1 

133.5 
132.8 
132.0 
131.8 
130.6 

129.3 
128.0 
127.4 
127.0 
127.5 

127.7 
128.0 
128.3 
128.5 
128.6 

128.8 
128.9 
129.0 
129.2 
129.4 


120.9 
129.5 
129.3 
129.1 
129.1 

129.1 
129.1 
129.1 
129.0 
128.9 

128.6 
128.3 
127.7 
126.8 
126.7 

124.5 
123.3 
122.4 
121.4 
121.4 

122.7 
122.5 
122.8 
123.0 
124.1 


131.3  131.7 
132.0  131.2 
132.5  I  130.5 
133.0^  129.5 
133.3     128.5 

133.5  127.1 

133.7  125.9 

133.9  124.2 

134.0  122.6 

134.0  121.0 


134.1 
134.2 
134.3 
134.3 
134.3 

134.3 
134.3 
134.3 
134.3 
134.2 

134.1 
134.0 
133.9 
133.8 
133.7 


120.7 
110.4 
118.5 
118.4 
11&2 

117.8 
117.6 
117.2 
116.8 
116.6 

116.3 
116.2 
116.2 
116.1 
115.0 


113.7 
113.6 
113.7 
113.9 
113.8 

113.6 
113.5 
113.8 
114.4 
115.3 

115.5 
115.6 
115.7 
116.0 
116.0 

115.8 
115.3 
114.5 
114.1 
113.9 

113.8 
113.6 
113.3 
113.0 
112.8 


112.2 
112.1 
112.1 
112.0 
112.0 

111.9 
112.0 
113.0 
113.4 
113.5 

113.6 
113.8 
114.0 
114.2 
113.9 

113.5 
113.3 
113.0 
112.7 
112.4 

112.5 
113.4 
114.3 
114.7 
115.3 


115.1 
114.6 
113.9 
113.2 
112.9 

112.5 
112.3 
112.0 
111.9 
111.9 

111.8 
111.8 
111.6 
111.8 
111.8 

111.8 
111.8 
111.8 
111.8 
111.8 

111.8 
111.9 
111.9 
11L9 
111.8 


111.8 
111.8 
111.8 
111.8 
111.8 

111.8 
111.8 
111.8 
111.8 
111.8 

111.8 
111.8 
111.8 
111.8 
111.8 

111.8 
111.8 
112.0 
112.7 
112.9 

113.8 
114.5 
115.0 
115.0 
114.8 


113.4 
113.2 
113.0 
112.8 
112.6 

112.5 
112.6 
113.9 
114.5 
115.2 

115.5 
116.9 
117.2 
119.0 
121.0 

121.2 
121.7 
122.0 
122.2 
122.4 

122.6 
122.6 
122.5 
122.4 
122.4 
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Daily  gage  height,  in/eely  of  Tallahatchie  River  at  Philipp,  Miss,  y  for  1909. 


Day. 

Jan. 

Feb. 

130.6 
131.1 
131.6 

Mar. 

136.8 

136.8 

136.8 

136.75 

136.7 

136.5 

Apr. 

May. 

June. 

July. 

Aug. 

112.6 
112.4 
112.2 
112.2 
112.2 
112.2 

Sept. 

Oct. 

Nov. 

Dec. 

26 

116.5 
116.0 
115.6 
115.3 
115.3 
115.1 

129.6 
130.0 
130.3 
130.3 
130.0 

125.8 
127.0 
128.3 
129.0 
129.5 
130.5 

133.6 
133.2 
132.9 
132.6 
132.1 

114.7 
114.5 
114.3 
114.0 
113.9 
113.8 

115.3 
115.5 
115.6 
115.4 
115.4 

111.8 
111.8 
111.8 
111.8 
111.8 
111.8 

114.4     122.7 

27 

113.9     123.0 

28 

113.6 
113.5 
113.5 

123.1 

29 

123.6 

30 

123.7 

31 

123.7 

Daily  discharge,  in  second-feet,  of  Tallahatchie  River  at  Philipp,  Miss.,  for  1908-9. 


Day. 


Sept. 


1906. 
1 

2 

3 

4 

6 

6 

1,220 
1,200 
1,170 
1,150 
1,130 

1,130 
1,130 
1,130 
1,110 
1,110 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Oct. 


1,350 
1,320 
1,300 
1,250 
1,220 

1,170 
1,150 
1,150 
1,130 
1,110 

1,070 
1,050 
1,050 
1,050 
1,050 


Nov. 


1,030 
1,030 
1,030 
1,030 
1,030 

1,090 
1,030 
1,030 
1,030 
1,030 

1,050 
1,050 
1,050 
1,130 
1,130 


Dec 


1,380 
1,470 
1,560 
1,600 
1,800 

1,940 
2,180 
2,800 
3,150 
3,150 

3,040 
3,040 
3,040 
2,940 
2,800 


Day. 


1908. 
16 

1,110 

17 

1,110 

18 

1,090 

19 

1,090 

20 

1,070 

21 

1,070 

22 

1,070 

23 

1,220 

24 

1,270 

25 

1,320 

26 

1,380 

27 

1,410 

28 

1,350 

29 

1,360 

.30 

1,350 

31 

Sept. 


Oct. 


1,030 
1,030 
1,030 
1,030 
1,030 

1,030 
1,030 
1,030 
1,030 
1,030 

1,090 
1,030 
1,030 
1,030 
1,030 
1,030 


Nov. 


1,130 
1,150 
1,150 
1,130 
1,130 

1,110 
1,090 
1,090 
1,090 
1,110 

1,130 
1,170 
1,320 
1,350 
1,360 


Dec 


2,570 
2,260 
2,060 
1,840 
1,740 

1,560 
1,560 
1,660 
1,840 
1,980 

1,940 
1,840 
2,340 
2,480 
2,520 
2,440 


Day.         Jan.      Feb.       Mar.       Apr.       May.      June.      July.      Aug.     Sept.     Oct.     Nov.    Dec 


1. 
2. 
3. 
4. 
6. 

6. 
7. 
8. 
9. 
10. 


2,260 
2,060 
2.020 
1,880 
1,800 

1,740 
1,910 
2,020 
2.060 
2,100 


11 2,180 

12 2,180 

13 2,180 

14 2,020 

15 2,020 

16 '  2,180 

17 2.260 

18 2.300 

19 2,340 

20 2,620 


21.. 
22. 
23.. 
24.. 
25. 

26.. 
27. 
28.. 
29.. 
30. 
31.. 


2,620 
2,800 
2,750 
2,660 
2,440 

2,260 
2,060 
1,910 
1,800 
1,800 
1,740 


1,700 
1,660 
1,660 
1,700 
1,770 

1,840 
2,020 
2,100 
2,390 
2,750 

3,460 
4,000 
4,360 
4,600 
6,440 

6,220 
7,000 
7,600 
8.080 
8.440 

8.800 
9,160 
9,460 
9.760 
10,100 

10,400 
10,700 
11.000 


11.300 
11.600 
12.000 
12.200 
12,600 

13,000 
13,400 
14.100 
14,800 
16,500 

16,000 
16,600 
17,500 
18,000 
18,600 

18,700 
19,000 
19,200 
19,500 
20,000 

20,200 
20,600 
20,700 
21,000 
21,000 

21,000 
21,000 
21.000 
20,900 
20,700 
20,200 


20.000 
19,500 
13,900 
16,600 
14,300 

13,200 
12,200 
11,400 
11,200 
10,400 

9,680 
8,800 
8,440 
8,200 
8,600 

8,620 
8,800 
8,980 
9.100 
9,160 

9,280 
9,340 
9,400 
9,620 
9,640 

9,760 
10.000 
10,200 
10,200 
10,000 


9,940 
9,700 
9,680 
9,460 
9,460 

9,460 
9,460 
9,460 
9,400 
9,340 

9,160 
8,980 
8,620 
8,060 
7,420 

6,700 
5,980 
6,440 
4,840 
4,840 

5,260 
5,600 
5,680 
5,80a 
6,460 

7,480 
8.200 
8,980 
9.400 
9.700 
10,300 


10,800 
11,400 
11,900 
12.600 
12,900 

13,200 
13,600 
13,900 
14,100 
14,100 

14,300 
14,500 
14,800 
14,800 
14,800 

14,800 
14,800 
14,800 
14,800 
14,600 

14.300 
14,100 
13.900 
13,700 
13,500 

13,400 
12,700 
12,300 
12,000 
11,600 


11,100 
10,700 
10.300 
9,700 
0,100 

8,260 
7,540 
6,520 
5,660 
4,600 

4,420 
3,680 
3,200 
3.150 
3,040 

2.840 
2,750 
2,570 
2,390 
2,300 

2,180 
2,140 
2,140 
2.100 
1,700 

1.600 
1,530 
1,470 
1,380 
1,350 
1,320 


1,300 
1,270 
1,300 
1,350 
1,320 

1,270 
1,250 
1,320 
1,500 
1,800 

1,880 
1.910 
1,940 
2.060 
2,060 

1,980 
1.800 
1,530 
1,410 
1,350 

1,320 
1,270 
1,200 
1.130 
1,090 

1.050 
1,010 
972 
972 
972 
972 


972 
956 
956 
940 
940 

925 

940 

1,130 

1,220 

1,250 

1,270 
1,320 
1,380 
1,440 
1,350 

1,250 
1,200 
1,130 
1.070 
1,010 

1,030 
1,220 
1.470 
1.600 
1,800 

1.800 
i:880 
1.880 
1,840 
1,840 


1,740 
1.560 
1.350 
1,170 
1,110 

1.030 
990 
940 
925 
925 

910 
910 
910 
910 
910 

910 
910 
910 
910 
910 

910 
925 
925 
925 
910 

910 
910 
910 
910 
910 
910 


910 
910 
910 
910 
910 

910 
910 
910 
910 
910 

910 
910 
910 
910 
910 

910 

910 

940 

1,070 

1,110 

1,320 
1,530 
1,700 
1,700 
1,630 

1,500 
1.360 
1.270 
1,250 
1,260 


1.220 
1.170 
1,130 
1,000 
1,050 

1,030 
1,050 
1,350 
1,530 
1,770 

1,880 
2,440 
2,570 
3.050 
4,600 

4.720 
5,020 
5,200 
5.320 
5,440 

5.560 
6.660 
5,500 
6.440 
6,440 

5,620 
6,800 
5.860 
6,160 
6,220 
6,220 


Note.— The  above  dally  dtacharces  are  based  on  a  rating  curve  fairly  well  defined  between  dischargee 
1 430  and  9,400  second-feet.    For  higher  discharges  the  rating  curve  is  only  approximate. 


Digitized  by 


Google 


LOWER  MISSISSIPPI  BASIN. 
Monthly  diMcharge  of  Tallahatckie  River  at  Philipp,  Miss.,  for  1908-9. 


Month. 


Dtocharge  In  second 

-feet. 

Maxlmiun. 

Minimum. 

Mean. 

1,410 

1,070 

1,190 

1,350 

1,030 

1,090 

1,350 

1,030 

1,110 

3,150 

1,380 

2,210 

2,800 

1,740 

2,160 

11,000 

1,6G0 

5,660 

21,000 

11,300 

17,500 

20,000 

8,200 

10,900 

10,300 

4,840 

8,010 

14,800 

10,800 

13,600 

11,100 

1,320 

4,280 

2,060 

»72 

1,410 

1.880 

925 

1,300 

1,740 

910 

997 

1,700 

910 

1,100 

6,220 

1,030 

3,770 

21,000 

910 

5,890 

85 


Accu- 
racy. 


1908. 

September  6-30 

October 

November 

December 

1909. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


YAZOO  mVEB  AT  GBEENWOOD,  MISS. 

This  station,  which  is  located  at  the  highway  bridge  at  Greenwood, 
a  point  about  1  mile  below  the  junction  of  Yalobusha  River,  was 
established  July  15,  1908,  for  the  purpose  of  obtaining  general  run-off 
data  applicable  to  navigation  and  drainage  problems,  and  is  main- 
tained in  cooperation  with  the  Tallahatchie  drainage  commission. 

There  are  no  artificial  diversions  of  water  above  the  station,  and  all 
natural  diversions  return  to  river  above  unless  at  extreme  floods  some 
overflow  water  may  be  lost  to  Sunflower  River.  The  conditions 
at  the  station  are  favorable  for  accurate  discharge  measurements  at 
all  stages,  but  it  is  expected  that  the  relation  between  gage  heights 
and  discharges  will  be  greatly  disturbed  by  changes  in  slope  of  Yazoo 
River,  caused  by  varying  stages  of  Mississippi  River. 

The  chain  gage  is  fastened  to  the  downstream  handrail  of  the 
bridge.  Its  datum  is  mean  sea  level  and  has  not  been  changed. 
Dischai^e  measurements  are  made  from  this  bridge.  The  United 
States  Weather  Bureau  has  maintained  a  gage  here  since  November  1, 
1904,  the  datum  of  which  was  92.5  feet  above  sea  level. 

The  gage  heights  from  January  1  to  July  15,  1908,  are  from  the 
United  States  Weather  Bureau  gage  and  have  been  adjusted  to 
conform  to  the  sea-level  datum  of  the  new  gage. 
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Discharge  meagurements  of  Yazoo  River  at  Greenwood,  Miss.y  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Oage 
heij^t 

Dis- 
charge. 

February  27.... 

W.  A.T^imb .     .. 

Feet. 
411 
416 
660 
662 
659 
260 
259 
258 

8,270 
9,690 
13,300 
11,500 
1,540 
1430 
1,400 

Feet. 
115.60 
116.55 
118.51 
122.72 
121.66 
94.67 
94.28 
94.16 

See.-fi. 

17,100 

19,000 

21,900 

28.600 

24,300 

1,090 

1.460 

1,410 

March  4. 

do 

March  12 

March  27....... 

Engineers  of  Tallahatchie  drainage  oonunission 

do 

Aprll3 

do 

August  24 

E.  H.  Swett 

August  26 

do 

August  27 

do 

Daily  gage  heightt  infeety  of  Yazoo  River  at  Greenwood^  Miss.,  for  1909. 
[W.  T.  Davis,  observer.] 


Day. 


1.. 
2. 
3. 
4. 
5. 

6. 
7.. 
8.. 
9.. 
10.. 

11.. 
12.. 
13.. 
14.. 
15.. 


16 96.28 

17 96.47 

18 96.65 

19 f  96.76 

20 96l91 


Jan.  I   Feb. 


97.56 
97.20 
96.82 
96.48 
96.22 

96.02 
9&88 
9&02 
9&25 
9a  32 

9&30 
9&30 
9&32 
96.32 
9a  30 


21 97.09 

22 97.33 

23 97.50 

24 1  97.54 

25 j  97.52 

26 97.27 

27 1  9a  98 

28 9a59 

29 9a27 

30 :  9&88 

31 1  95.56 


9&36 
95.26 
95.18 
95.10 
95.19 

96.65 
9a  70 
97.29 
97.56 
9a  60 

102.30 
10a36 
103.47 

loaso 

10a72 

108  79 
10&90 
109.25 
109.95 
lia85 

11L45 
11L81 
112.67 
114.0 
11&12 

lia43 
115.62 
115.65 


Mar. 


11&86 
lia62 
lia28 
lia55 

uaso 

117.36 
117.33 
117.60 
117.96 
lia25 

lia41 
11&52 

iiao6 
iia8i 

12a  30 

12a  12 

12a  20 
12a  28 
12a  45 
121.44 

122.00 
122.38 
122.51 
122L59 
122L64 

122.68 
122.72 
122.72 
122.66 
122.56 
122. 3B 


Apr. 


122L18 
121.94 
121.58 
121.17 
12a  70 

12a  20 
lia73 

iia20 

11&53 
117.68 

lia72 
115.63 
115.42 
115.54 
115.21 

114.90 
114.62 
114.50 
11^35 
114.23 

114  20 
113.92 
114.00 
114  50 
114  32 

115.95 
lia76 
117.30 
lia92 
lia58 


May.  I  June. 


Iia25 
lia28 
115.76 
115.56 
11&36 

115.20 
115.06 
114  85 
114  56 
11433 

lia55 
112.75 
11L82 

iiaso 

10a78 

10a68 
107.64 
107.52 
107.10 
10a78 

10a76 
10a82 
10a97 
107.55 

iia26 

iiaso 
iia33 

117.27 
117.65 

iiao3 
iiai8 


12a  34 
12L01 
12L42 
12L67 
12L86 

12L98 
122.11 
122  14 
122.09 
122.25 

12L89 
12L75 
121.60 
12L42 
12L19 

12a  89 
12a  55 
12a  29 
12a  28 

iia7o 

iia34 
iiao3 

11&92 
11&67 

iia22 

117.83 
117.45 
lia99 
lia54 

iiao7 


July. 


iia59 

115.07 
114  47 
lia76 

iia28 

111.98 
lia94 
10a75 
10&51 
107.20 

ioai6 

104  39 
102.98 
10L88 
10a92 

ioao8 

9a  45 

9a  18 

9a  44 
97.85 

97.33 
97.05 
9a  76 
9a  68 
9a  57 

9a  34 
fa  38 
96.90 
9a  72 
96.58 
9&d0 


Aug. 


95.50 
95.75 
95.82 
95.72 
95.64 

95.48 
95.34 
95.40 
95.54 
96.99 

9a  58 
9a  68 
9a  56 
9a  62 
9a  68 

9a  78 
9a  63 
9a  25 
95.82 
95.53 

96.30 
95.07 
94  82 
94  57 
94  41 

9423 
94  10 
9a  97 
93L88 
9a  80 
9a  73 


Sept. 


9a  72 
9169 
9a  67 
9163 
9159 

9155 
9152 
9152 
^03 
94  44 

94  44 
94  62 

96.10 
95.12 

95.07 
94  92 
94  69 
94  35 
9413 

94  37 
95.34 
95.57 
9a  86 
9a  90 

9a  79 
9a  57 
9a  36 
9a  29 
9a  25 


Oct. 


9a  19 

95.89 
9&55 

9aii 

94  68 

94  35 
94  08 
9187 
9172 
9161 

9152 
9146 
9141 
9135 
9131 

9130 
9127 
9125 
9122 
9124 

9149 
9138 
9134 
9130 
9130 

9130 
9130 
9130 
9130 
9132 
9136 


Nov.  I  Dec. 


9131 
9128 
9127 
9126 
9126 

9126 
9126 
9120 
9124 
9122 


94  52 
94  50 
94  41 
94.28 
94  22 

94  08 
94  41 
9468 
96.14 
95.78 


9122  9a  19 

9120  9a53 

91 19  97. 11 

91 18  I  9a  48 

9119  9a  90 


9126 
9142 
9148 
9150 
9158 

9194 
94  53 
95.04 
96.37 
96.52 

96.45 
9a  30 
9&01 
94  72 
94  56 


ioa7i 

10L14 
10L42 
101.69 
10L87 

10L96 
101.98 
10L96 
102.08 
102.51 

101 30 
10173 
10188 
10186 
10189 
10187 


COLDWATEB  BIVEIt  AT  SAVAGE,  MISS. 

This  station  is  located  at  the  Yazoo  &  Mississippi  Valley  Eailroad 
bridge  at  Savage,  about  5  miles  below  the  place  where  the  river 
leaves  the  hills  and  enters  the  delta.  It  was  established  July  1,  1908, 
for  the  purpose  of  determining  the  amount  of  water  entering  the  delta 
from  the  foothills  and  is  maintained  in  cooperation  with  the  Talla- 
hatchie drainage  commission. 

Although  there  are  lai^e  overflow  areas  along  the  banks  of  the 
river,  the  flow  is  practically  confined  by  the  railroad  embankments 
to  the  channel  under  the  bridge  and  can  be  conveniently  measured 
at  all  stages. 
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The  gage,  which  consists  of  two  vertical  sections  just  below  the 
bridge,  is  set  on  sea  level  datum  so  as  to  read  actual  elevations. 
Measurements  are  made  from  the  downstream  side  of  the  bridge. 

Discharge  nuanuremenU  of  ColdwaUr  River  at  Savage,  Miu.,  in  1908-9, 


Date. 

Hydrofrapher. 

Width. 

Ar«aor 
aeotion. 

hd«Et. 

Dla- 
chaise. 

1908. 
June  11 

M.  R.HaU 

Feet. 
266 
136 

114 
180 
197 
253 

1,440 

046 
1,630 
2,170 
2,740 

Feet. 
182.99 
173  00 

17a  36 
174.35 
176^87 
179181 
186l85 
183  96 
183  78 
182.70 
182.53 
177.10 
172.65 
169124 

18a  51 

180  08 
186l00 

Ste.-ft. 
5,190 

December  2 

W.A.Lamb 

1,060 

1900. 

Ianaary20 

February  6..  .. 

Enflneers  of  the  Tallahatchie  drainage  commission. 
do 

440 
1,310 

February  9 

do 

1,910 

February  15.... 
February  18.. 

do 

2,230 

....do 

•  10,800 

February  27.... 

do 

260 
281 
265 
265 
213 
159 
128 
246 
250 

3,670 
3,700 
3,360 
3,280 
2,120 
1,410 
936 
2,610 
2,830 

5,140 

March  1 

March  13 

March  18 

W.A.Lamb 

do 

5,820 
4,920 
4,360 

March  22 

do 

1,540 

March  24 

do 

771 

Mareh27 

do 

399 

AprUl7 

do 

3,310 

April  21 

do 

2;  980 

June  3 

dn 

^ 11,200 

,                                                                                    { 

•  Includes  OTerflow  of  2,640  second-feet.  b  Includes  orerflow  of  2,960  second-feet. 

Daily  gage  heighly  in  feet,  of  Coldwater  River  at  Savage,  Mii$.,for  1909. 
[O.  F.  Brock,  obsenrw.] 


Dmy. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June.    July.  I  Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

16&0 
16a  2 
167.9 
167.6 
167.5 

16ft  0 
17L3 
172L7 
172.0 
17a  6 

16a  8 
167.7 
167.2 
167.1 
167.2 

167.8 

17a  0 

17a  9 
17L75 
17a  9 

16a7 

i6ai 

167.5 
167.2 
166.9 

166.9 
16a9 
16a  8 
167.2 
16a  25 
16ft  9 

17a  9 
17a  0 
16ft  8 
16a  7 
167.15 

173  5 
17&2 
17a  1 
176185 
177.6 

177.9 
177.86 
177.35 
177.85 
17ft  65 

isi'i" 

185.75 
186.0 
185.85 

185i45 
18&2 
184.8 
184  6 
184.3 

183  95 
183  95 
183  9 



183  8 

1836 

1835 

182.96 

182.5 

18L8 
18L2 
18a  65 
18a5 
18a8 

18L4 

182.16 

182.6 

182.8 

18306 

1830 

182.85 

182.55 

182.0 

18L0 

17ft  4 
177.2 
174.5 
172.7 
17L2 

17a  0 

16ft  2 
16ft  0 
16a  75 
16a  5 
16a  2 

167.9 
167.6 
167.6 
167.4 
167.2 

167.2 
16a  75 
172.5 
174.5 
17&6 

176lO 
173  5 

173  2 

I8&45!  17a  5 

16a  1 
16a  0 
16a  0 
16a  0 
16a  0 

16a  0 

16a  85 
172.2 

173  8 

174  4 

17385 
175.5 

165.8 
165.8 
165.8 
165.8 

leao 
16a  3 

16ft  2 
17a  2 
1731 
172.2 

17L1 
16a  2 

16a  1 
16a  0 
16a  9 

165.9 
165.9 
165.8 
165.7 
165.7 

16a  0 
16ft  0 
17a  1 

17a  8 
17a  9 

17a  8 

167.9 
167.4 
16a  5 
16a  3 

16a  3 
16a  1 
16a  1 
16a  0 
16a  0 

16&9 

165.9 
16&9 
165.9 
165.9 

1£S 

165.9 
165.9 
165.9 

165.9 
165.9 
165.9 
165.9 
16a  0 

16a  4 
16a  3 
16a  3 

16a  0 
16a  0 

16a  0 
16a  0 

165.9 

16a  9 
16a  9 
16a  9 

16a  0 
16a  0 
16a  0 
16a  0 
16a  0 

16a  0 
16a  0 
16a  0 
16a  2 
16a  3 

16a  3 
16a  3 
16a  1 
16a  1 
16a  9 

1731 
174  9 
17&5 
174  7 
173  4 

16ft  4 
16ft  0 
16a  5 
16ft  5 
17a  5 

17a  4 
16ft  2 
16a  3 
167.5 
167.0 

16a  9 

2 

17&85 

185. 81  17a  8 

16a  8 

a 

i7a  3  1  18a  1  1  17a  8 

177. 2     185. 85   17a  9 
17a  2  1  185l  5  1  17a  4 

167.0 

4 

167.0 

6 

167.9 

6 

174  9 
172L0 
17a  4 
16ft  4 
172.1 

172.2 
172.8 

1 

1848  j  17a  1 
184  2  '  16ft  5 
1835  ;  16a5 
182.55   16a  2 

16a  0 

7 

17a  5 

8 

1736 

9 

174  3 

10 

18a  85 

167.6 

175.6 

11 

17a  5 

17a  0 

16a  4 

ifiaA 

17&8 

12 

180  2 

13 

17&2 

172  6 

in.  6  1  167. 85   16a  9 
177. 1     16a  85   16a  1 

18a  7 

14 

17a  4 
17ft  3 

180  05 
180  45 
18L0 
181.4 
18L2 

18a  3 

17a  0 

174.2 
172.4 
17a  5 

172.2 
172L8 
173  2 
173  6 
172.0 

17L1 
16ft  4 

16a  5 
167.7 
167.2 
167.7 
17a  8 

172L2 
174  0 
175.0 
17a  1 
177.2 

17a  0 
17ft  0 
180  0 
18L75 
184  0 
184  9 

18L5 

15 

17a  86   167.0 

nai 
17a  7 

16ft  0 

16a  5 
16a  9 
i6a8 

16a  2 
i6a2 
16a  1 

165.1 
165.9 

165.9 
165.9 
165.9 
165.8 
165.8 
165.8 

1843 

16 

17a  9 
17a  9 
17a  6 
176.0 
173.0 

17t0 
16ft  3 
16ft  5 
16a  8 
17L3 

172.5 
172.5 
172L5 
16ft  4 
16a  8 

16a  7 
16a  8 
16a  8 

167.2 
167.2 

167.0 
16a7 
16a  4 

16a  1 
16a  1 

16a  1 
16a  1 
16a  2 
leai 
16a  0 
16a  0 

18a  0 

17 

183  2 

18 

183  2 

19 

183  2 

20 

1832 

21 

180  7 

22 

173  8 

23 

17a  0 

24 

173  0 

25 

17a  0 

26 

173  0 

27 

28 

29 

30 

31 

173  5 
173  6 
173  5 
1734 
177.4 
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88  SURFACE   WATER  SUPPLY,   1909,   PART  VII. 

Daily  discharge^  in  second-feety  of  Coldwater  River  at  Savage^  Miss. y  for  1908-9. 


Day. 

Oct. 

Nov. 

Dec. 

1908 
1 

181 
148 
127 
121 
118 

118 
115 
116 
115 
112 

118 
118 
121 
124 
124 

124 
124 
124 
137 
144 

837 
890 
787 
648 
410 

290 

803 

1,020 

1,030 

993 

2 

3 

4 

6 

6 

7 

8 

9 

10 

Day. 

Oct. 

Nov. 

• 

Dec. 

1906. 
11 

112 
112 
112 
112 
112 

112 
112 
115 
115 
116 

144 
151 
158 
173 
173 

165 
162 
148 
137 
130 

779 
659 
362 
272 
246 

205 
197 
181 
181 
165 

12 

13 

14 

15... 

16 

17 

18 

19 

20 

1906. 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Oct. 

Nov. 

115 

130 

115 

130 

115 

137 

115 

148 

116 

158 

112 

177 

112 

355 

112 

430 

118 

740 

118 

779 

118 

Dec. 


181 
205 
245 
471 


644 
471 
326 
281 
272 
281 


7.. 
8., 
9. 
10. 

11. 
12., 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

20. 
27. 
28. 
29. 
30. 
31. 


Day. 


1909. 


Jan. 

Feb. 

Mar. 

Apr. 

290 

583 

6,970 

281 

308 

482 

6,590 

254 

281 

460 

6,400 

245 

254 

353 

5,360 

237 

245 

217 

4,660 

221 

380 

983 

4,020 

221 

631 

1,360 

3,620 

358 

837 

1,590 

3.320 

803 

726 

1.800 

3,240 

1,190 

548 

2,040 

3,390 

1,460 

362 

2,140 

3,740 

1,310 

263 

2,130 

4,300 

983 

221 

1,960 

4,800 

1,360 

213 

2.130 

5,100 

2,320 

221 

2.840 

5,540 

2,680 

272 

5,190 

5.450 

3,020 

482 

7,540 

5,180 

3,220 

583 

10.700 

4.730 

3,500 

690 

11,200 

4,180 

3,740 

683 

10,900 

3,500 

3,620 

450 

10.100 

2.730 

3,140 

299 

9.630 

1,910 

2.180 

245 

8,870 

1,190 

1,130 

221 

8,490 

837 

787 

197 

7,920 

619 

537 

197 

7,260 

482 

756 

197 

7.260 

400 

854 

189 

7,160 

380 

926 

221 

358 

1,000 

312 

335 

725 

471 

308 

May. 


926 
1,520 
1,650 
1,910 
1,620 

1,296 
720 
525 
420 
740 

755 
854 
803 
607 
420 

335 
263 
221 
263 
571 

755 
1,080 
1,310 
1,590 
1,910 

2,180 
2,560 
3,000 
3,980 
7.350 
9.060 


June. 


10,100 
10,800 
11.300 
10.900 
10,200 

8,870 
7,730 
6,400 
4.730 
3,420 

2,360 
2,180 
2.040 
1,880 
1,880 

1,820 
1,820 
1,730 
1,310 


595 
410 
430 
362 
631 

803 
803 
803 
420 
392 


July. 


537 
571 
571 
583 
526 

493 
430 
336 
308 
246 


362 
276 
193 
205 

181 


221 
221 

205 
181 
158 
137 
137 

137 
137 
144 
137 
130 
130 


Aug. 


137 
130 
130 
130 
130 

130 

193 

755 

1,040 

1,170 

1,050 

1,430 

371 

299 

493 

559 
380 
335 
197 


144 
144 
137 
76 
124 

124 
124 
124 
118 
118 
118 


Sept. 


118 
118 
118 
118 
130 

151 
400 
504 
908 
75$ 

607 
144 
137 
130 
124 

124 
124 
118 
112 
112 

130 
380 
493 
571 

583 

571 
281 
237 
165 
151 


Oct. 


151 
137 
137 
130 
130 

124 
124 
124 
124 
124 

124 
124 
124 
124 
124 

124 
124 
124 
124 
130 

158 
151 
151 
1.30 
130 

130 
130 
124 
124 
124 
124 


Nov. 


130 
130 
130 
130 
130 

130 
130 
130 
144 
151 

151 
151 
137 
137 
197 

908 
1,290 
1,430 
1,240 

964 

420 
380 
335 
430 
637 

526 
400 
317 
245 
205 


Dec. 


197 
189 
205 
205 
281 

290 

537 

983 

1.150 

1,430 

1,510 
3,090 
3,340 
3.800 
7,920 

9,250 
5,830 
5,830 
5.830 
5,830 

3.340 
2,480 
1,560 
890 
1,560 

2,180 
2,360 
2,400 
2,360 
2.320 
1,980 


Note.— The  above  daily  discharges  are  based  on  a  rating  curve  fairly  well  defined  between  discharges 
380  and  5,450  second-feet. 
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Monthly  discharge  of  Coldwater  River  at  Savage,  Miss.,  for  1908-9, 


Month. 


Discharge  in  second-feet. 


Maximum.    Minimum.      Mean. 


Accu- 
racy. 


1908, 

October 

November 

December 

1900. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


181 

770 

1,030 


837 
11,200 
6,970 
3,740 
0,060 
11,300 

583 
1,430 

908 

158 
1,430 
0,250 


11,300 


112 
118 
165 


180 
217 
308 
221 
221 
362 
130 
76 
112 
124 
130 


76 


118 
100 

478 


367 

4,760 

3,340 

1,440 

1,650 

3,600 

277 

342 

287 

130 

301 

2,620 


1,600 


YALOBUSHA  BIVEB  AT  GRENADA,  MISS. 

This  station,  which  was  established  June  14,  1906,  for  the  purpose 
of  obtaining  general  run-off  data,  is  located  in  the  western  part  of 
Grenada  at  the  county  highway  bridge,  about  one-half  mile  from  the 
depot  and  the  same  distance  below  the  crossing  of  the  Illinois  Central 
Railroad.  It  is  below  the  mouth  of  Bataupan  Bogue,  which  comes 
in  a  short  distance  above  the  railroad  bridge.  The  gage  chain  was 
stolen  a  second  time  on  November  2,  1906,  and  the  station  was 
temporarily  abandoned.  On  July  7,  1908,  the  station  was  again 
established  in  connection  with  the  Tallahatchie  drainage  commission, 
using  the  same  gage  datum  as  formerly.  The  gage  is  located  on  the 
bridge. 

The  left  bank  is  not  liable  to  overflow.  The  ground  on  the  right 
bank  is  low  for  a  long  distance,  but  is  crossed  by  the  public  highway 
embankment,  which  is  above  high  water  except  at  a  few  bridged 
openings. 

Conditions  are  favorable  for  accurate  discharge  measurements 
which  are  made  from  the  bridge.  It  is  probable  that  the  station 
rating  will  be  somewhat  affected  by  backwater  from  Yazoo  River 
and  also  by  shifting  of  the  stream  bed. 

Discharge  measurements  of  Yalobusha  River  at  Grenada,  Miss.,  in  1909. 


Dat«. 

Hydrographer. 

Width. 

Area  of 
section. 

Gaffe       Dls- 
helght.  charge. 

February  20.... 
February  26.... 
Jane  3 

W,  R.  Willis     . 

Fed. 

ML 

2,030 

Fed. 
1&46 
21.62 

Sec.-ft. 
6,840 

W,  A.  T4|mh 

185 

aft  MM) 

W.  R.  Wallls 

24.17    M5!2no 

August  28 

E.H.Swett '         58,            62 

1 

1.15 

eo 

o  Overflow  not  measured. 


b  Includes  an  overflow  of  3,010  seoond-feet. 


Digitized  by 


Google 


90 


SUEFACB  WATEE  SUPPLY,  1909,  PART  VH. 


Daily  gage  height ^  in  feet,  of  Yalobuiha  River  at  Grenada^  Miss. ,  for  1909. 
[W.  C.  CaiTon,  observer.) 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.35 

2.2 

2.2 

2.25 

2.3 

2.25 

2.2 

2.2 

2.15 

2.15 

2.15 
2.15 
2.2 
2.2 
2.2 

2.25 
2.3 
2.45 
2.6 
2.5 

2.5 

2:4 

2.35 

2:35 

2.1 

106 

2:06 

1.05 

1.96 

1.9 

1.95 

1.76 

1.7 

l.« 

1.6 

1.55 

1.9 

2.7 

a3 

8.0 
12.5 

11.8 
11.5 

lao 
ia5 

18.4 

18.1 
17.0 
1ft.  9 
16.8 
1ft.  6 

15.4 
16.4 
17.0 
22.3 
22.0 

21.6 
21.0 
22.8 

21.5 
2a5 
20.0 
19.2 
15.0 

12.2 
11.0 

ia4 

9.2 

ia4 

12.0 
14.9 
20.0 
20.5 
21.4 

22.0 
•22.4 
22.2 
21.4 
22.0 

22.6 
21.5 
2a4 
19.1 

ia2 

17.1 
1&6 
14.1 
13.3 
0.1 
6.3 

3.8 
3.8 
3.7 
3.4 
3.2 

3.2 
6.4 
6.6 
6.6 
6.8 

6.2 
4.5 
12.4 
17.0 
15.0 

14.4 
13.8 
13.6 
13.6 
13.4 

11.0 
&0 
7.4 
7.8 
0-4 

17.4 
18.0 

ia8 

18.0 
17.6 

17.4 
1&4 
16.0 
16.0 
14.2 

13.0 

a4 

6.0 
6.8 
6.6 

4.7 
4.0 
3.8 
3.4 
3.2 

3.0 
2.9 
4.1 

7.2 
8.0 

ia4 

11.2 
11.1 

ia8 

21.2 

23.8 
24.6 
23.0 
22.9 
23.0 
2a9 

24.2 
24.4 
24.2 
23.2 
21.2 

2a8 
2a4 
19.1 
17.6 
14.0 

9.6 
6.0 
7.0 

ia4 

8.0 

7.0 
6.2 
6.8 
4.0 
4.0 

3.8 
3.8 

ao 

3.0 
4.0 

4.4 
4.2 
4.2 
3.9 
2.8 

2.66 
2.6 
2:35 
2.6 
2.55 

2.8 
2.35 
2.05 
1.85 
1.75 

1.7 

1.65 

1.6 

2.05 

2.55 

3.2 
2.85 
2.35 
2.05 
1.8 

1.65 

1.5 

1.55 

2.05 

1.45 

1.4 

1.35 

1.35 

1.4 

1.4 

1.4 

2.15 

1.75 

2.25 

1.8 

1.65 

1.8 

1.55 

3.0 

3.6 

3.0 

2.35 

!f 

1.35 
1.65 

1.6 
1.65 
1.45 
1.45 
1.4 

1.35 
1.25 
1.25 
1.2 
1.2 

1.15 
1.15 
l.lfi 
1.15 
1.16 
1.15 

LI 
1.0 
1.0 
.95 
.96 

.05 
.96 
.0 
.95 
1.05 

1.15 

1.7 

1.6 

1.5 

1.35 

1.35 
1.25 
.05 
.9 
.9 

7.3 
4.2 
S.S 
3.2 
2.85 

2.45 

2.25 

2.1 

1.05 

1.7 

1.3 

1.06 

1.3 

1.2 

1.15 

1.15 

1.1 

1.1 

1.1 

1.05 

1.0 
1.0 
.95 
1.05 
1.05 

1.0 

1.0 
.05 
.05 

1.0 

1.0& 

1.05 

1.0 

1.0 

1.0 

1.1 
1.15 
l.I 
1.1 
1.1 
.95 

a95 
1.0 
1.0 
1.1 
.05 

1.0 

1.1 

1.1 

1.06 

1.1 

1.05 

1.1 

1.1 

1.1 

1.05 

1.05 
1.1 

Vo 

.9 

1.0 
1.3 
1.35 
1.45 
1.45 

1.46 

1.4 

1.4 

1.3 

1.2 

1.1 

2 

1.2 

8 

1.65 

4 

2.0 

6 

1.7 

6 

1.65 

7 

1.4 

8 

1.3 

9 

1.85 

10 

2.0 

11 

2.1 

12 

2.45 

13 

2.3 

14 

2.85 

16 

3.0 

16 

3.4 

17 

3.2 

18 

2.9 

19 

2.65 

20 

2.6 

21 

2.1 

22.            

2.6 

23 

2.55 

24 

2.6 

25 

3.0 

26 

2.85 

27 

2.7 

28 

8.1 

29 

8.4 

ao 

3.2 

31 

2.0 

Daily  disi^iarge, 

in  second-feet,  of  Yalobusha  River  at  Grenada,  Miss.,  for  1909 

Day. 

Jan. 

Feb. 

Mar. 

Apr.     May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

302 
265 
205 
278 
200 

278 
265 
265 
232 
232 

232 

232 

265- 

266 

265 

278 
290 
328 
365 
340 

340 
315 
302 
302 
240 

228 
228 
200 
202 
100 
202 

160 
150 
140 

11,500 
10,300 
9,750 

690     7,600 
690     6,980 
660,    6,750 
570     6,200 
615     5.760 

15,300 
15,600 
15,300 
13,800 
11,100 

10,600 
10,200 
8,890 
7,720 
5,650 

3,230 
1,470 
1,880 
3,670 
2,350 

1,880 

1,550 

1,390 

750 

750 

690 
600 
630 
465 
750 

885 
815 
815 
720 
415 

878 
365 
302 
365 
352 

416 
302 
228 
180 
160 

150 
140 
130 
228 
352 

515 
428 
302 
228 
170 

140. 
110 
120 
228 
102 

05 

88 
88 
05 
05 
05 

252 
160 
278 
170 
140 

170 
120 
466 
630 
465 

302 
120 
110 
88 
140 

130 
120 
102 
102 
05 

88 
72 
72 
65 
65 

60 
60 
60 
60 
60 
60 

65 
45 
45 
40 
40 

40 
40 
35 
40 
50 

60 
150 
130 
110 

88 

88 
72 
40 
35 
36 

2,020 

815 
600 
515 
428 

328 
278 
240 
202 
150 

80 
50 
80 
65 
60 

60 
55 
55 
55 
50 

45 
45 
40 
50 
50 

45 
45 
40 
40 
45 

50 
50 
45 
45 
45 

55 
60 
55 

56 
65 
40 

40 
45 
45 
55 
40 

45 
55 
55 
50 
56 

50 
55 
55 
55 
50 

.    50 
65 
55 
45 
35 

45 
80 
88 
102 
102 

102 
05 
05 
80 
66 

56 

2 

65 

3 

140 

4 

no 

8,960 

215 

5 

120 

190 

390 

540 

2,350 

4,820 

4,440 
4,280 
3,450 
3,720 
8,300 

8,080 
7.340 
7,280 
7,220 
7,110 

6,420 
6,420 
7,340 
12,500 
12,100 

11.600 
10,900 
13,200 

6,200 

4,660 
4,000 
3,670 
3,010 
-3,670 

4,550 
6,140 
9,750 
10,300 
11,400 

12,100 
12,700 
12,400 
11,400 
12,100 

13,000 
11,500 
10,200 
8,800 
8,150 

7,400 
7,100 
5,700 
5,260 
2,960 
1,200 

160 

6 

515 
1,!M0 
1,310 
1,310 
1,390 

1,160 
920 
4,770 
7,340 
6,200 

5,870 
5,540 
5,430 

5,100 
2,570 
1,470 
1,390 
1,310 

090 
570 
515 

465 
440 
780 

140 

7 

05 

8 

80 

9 

180 

10 .• 

2)6 

11 

240 

12 

328 

13 

290 

14 

428 

16 

465 

16 

670 

17 

615 

18 

440 

19 

5,430     1.970 

378 

20 

5,320 

2,350 

361 

21 

4,000 
2,350 
2,060 
2,260 
3,120 

7,600 
8,000 
9,560 
8,000 
7,720 

3,670 
4,110 
4,060 
3,890 
11,100 

14,700 
15,900 
13,500 
13,400 
13,500 
14,800 

240 

22 

340 

23 

352 

24 

365 

25 

466 

26 

428 

27 

890 

28 

400 

29 

670 

30 

616 

31 

440 

Note.— The  above  dally  discharges  are  based  on  a  rating  curve  which  Is  fairly  well  defined. 
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Monthly  discharge  of  Yalobusha  River  at  Grenada^  Miss.,  for  1909. 
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Month. 


Discharge  in  seoond-feet. 

Maximum. 

Minimum. 

Mean. 

366 

190 

267 

13,200 

110 

5,880 

13,000 

1,200 

8,030 

9,650 

515 

8,720 

15,900 

440 

5,400 

15,600 

415 

4,670 

515 

88 

224 

630 

60 

157 

2,020 

35 

230 

80 

40 

51.9 

102 

35 

61.6 

670 

55 

321 

15,900 

35 

2,380 

Aocn- 
racy. 


January 

February 

March 

^:::::-::: 

June , 

July 

August 

September 

October 

November 

December 

The  year. 


SUNFLOWER  BIVEIt  NEAR  BTTLBVILUS,  MISS. 

This  station,  which  was  established  June  15,  1908,  and  is  main- 
tained in  cooperation  with  the  Tallahatchie  drainage  commission, 
is  located  at  the  new  iron  wagon  bridge  3  miles  southwest  of  Rule- 
ville.  Miss.  The  gage  ^as  not  installed*  imtil  early  in  October,  1908, 
and  readings  were  then  intermittent  imtil  the  end  of  1908. 

The  drainage  area  above  the  station  is  very  flat  and  is  cut  by  a 
number  of  small  tributaries  and  bayous.  The  river  at  the  station 
and  below  has  a  very  small  amoimt  of  slope,  making  the  current  too 
sluggish  for  measurements  at  times.  The  amoimt  of  slope  and 
consequently  of  velocity  varies  greatly  with  the  stage  of  Mississippi 
River,  making  it  impossible  to  rate  the  station  in  the  usual  way  by 
basing  daily  discharges  upon  the  daily  gage  heights. 

As  the  gage,  which  consists  of  two  vertical  sections  below  the 
bridge,  is  set  to  sea-level  datiun,  the  gage  readings  are  actual  eleva- 
tions above  the  sea.  Measmrements  are  made  from  the  downstream 
side  of  the  bridge. 

Discharge  measurements  of  Sunflower  River  near  Ruleville,  Miss.,  in  1909. 


Date. 


February  21... 
February  22... 
Augustus 


Hydrographer. 


W.  A.  Lamb 

....do 

£.  H.  Swett. 


Width. 


FeeL 


196 


Area  of 
section. 


Sq./eet. 
3,640 
3,660 
1,G80 


QaM 
height. 


Feet. 
106t53 
106.66 
97.70 


Dl8- 
ohazge. 


8ec.-ft. 

2,380 

2,280 

175 
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92  SURFACE   WATER  SUPPLY,  1909,   PART  VH. 

Daily  gage  height  y  in  feet,  of  Sunflower  River  near  Ruleville,  Miss.,  for  1909. 
[W.  E.  MoMathe,  observer.] 


Day. 


1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

U. 
,  12. 
13. 
14. 
15. 

16. 
17 
18. 
19. 
20. 

21. 
22. 
23 
24 
25. 

26. 
27. 
28. 
29. 
30. 
31, 


Jan. 


98.0 
98.0 
98.0 
98.0 
98.0 

98.0 
98.0 
98.0 
98.0 
98.0 

98.0 
98.0 
98.0 
98.1 
96.1 


Feb. 


97.9 
97.86 
97.75 
97.65 
97.65 

97.7 

97.9 

97.96 

98.1 

98.25 

98.3 
98.4 
98.5 
99.3 
101.0 


98.1  104.45 

98.1  106.9 

98.1  106.6 

98.0  106.45 

98.0  106.5 


98.0 
98.0 
98.0 
98.0 
98.0 

98.0 
98.0 
98.0 
98.0 
98.0 
98.0 


106.65 
106.8 
106.65 
106.4 
106.66 

106.7 
104.7 
104.9 


ICar. 


103.4 

102.75 

102.0 

101.25 

100.8 

100.35 
100.05 
99.85 
99.8 
101.1 

101.96 
102.15 
103.35 
106.05 
106.1 

108.7 
106.9 
105.9 
104.35 
104.5 

105.2 

105.4 

105.15 

104.3 

103.65 

102.8 

102.1 

101.45 

101.75 

101.55 

100.75 


Apr. 


99.4 
99.5 
99.3 
99.3 
99.3 

99.3 
99.3 
99.3 
99.3 
99.3 

99.3 
99.3 
99  82 
101.6 
102.26 

102.35 

101.9 

101.28 

100.92 

100.3 

-99.72 
99.5 
99.4 
99,3 

100.48 


May. 


104.3 
103.9 
103.15 
102.5 
101.96 

101.96 

101.96 

101.88 

101.5 

101.02 

100.5 
100.15 
99.4 
99.65 
99.42 

99.4 
99.6 
99.76 
100.05 
100.3 

100.66 

100.75 

100.6 

100.4 

103.05 


102.28  106.8 
102.98  110.95 
104.22  111.75 
104.5  111.35 
104.05;  110.42 
111.28 


June. 


112.75 
113.25 
112.98 
112.22 
110.8 

109.6 
106.26 
107.0 
105.4 
104.3 

103.25 
102.75 
103.45 
104.65 
105.5 

105.55 
104.66 
104.15 
103.8 
102.55 

101.8 

101.45 

101.3 

101.3 

101.3 

100.66 
100.75 
100.35 
99.9 
99.52 


July. 


99.32 

99.3 

99.25 

99.06 

98.88 

98.78 
98.68 
98.58 
98.48 
98.38 

98.28 

96.2 

98.2 

98.2 

98.2 

98.2 

98.2 

98.12 

98.0 

98.0 

96.0 
98.0 
96.0 
98.0 
98.0 

98.0 
98.0 
98.0 
98.0 
98.0 
98.0 


Aug. 


98.0 
97.96 
97.9 
97.85 
97.82 

97.8 
97.8 
97.8 
97.8 
97.8 

97.8 
97.8 
97.8 
97.8 
97.8 

97.8 
97.8 
97.8 
97.8 
97.8 

97.8 
97.8 
97.8 
97.8 
97.8 

97.8 
97.8 
97.8 
97.8 
97.8 


Sept. 


97.8 
97.8 
97.8 
97.8 
97.8 

97.8 
97.8 
97f8 
97.8 
97.8 

97.8 

97.78 

97.75 

97.72 

97.7 

97.68 

97.65 

97.6 

97.6 

97.6 

97.62 
97.72 
97.78 
97.8a 
97.85 

97.85 
97.85 
97.85 
97.8 
97.78 


Oct. 


97.75 

97.7 

97.7 

97.7 

97.7 

97.7 
97.7 
97.7 
97.7 
97.7 

97.7 
97.7 
97.7 
97.7 
97.7 

97.7 
97.7 
97.7 
97.7 
97.7 

97.7 
97.7 
97.7 
97.7 
97.7 

97.7 
97.7 
97.7 
97.7 
97.7 
97.7 


Nov.    Dec, 


97.7 
97.7 
97.7 
97.7 
97.7 

97.7 
97.7 
97.7 
97.7 
97.7 

97.7 
97.7 
97.7 
97.7 
97.7 

97.7 
97.7 
97.7 
97.7 
97.7 

97.7 
97.7 
97.7 
97.7 
97.7 

97.7 
97.7 
97.7 
97.7 
97.7 


97.7 
97.7 
97.7 
97.7 
97.7 

97.7 
97.7 
97.7 
97.7 
97.7 

97.8 
98.66 
99.56 
100.15 
100.32 

100.32 

100.28 

100.2 

100.2 

100.2 

100.32 

100.55 

100.9 

100.75 

100.5 

101.96 
102.55 
102.75 
102.8 
102.25 
101.25 


STTNFIiOWEB  BIVEIt  AT  BAIBD,  MISS. 

This  station,  which  is  located  at  the  Southern  Railway  bridge 
one-half  mile  west  of  Baird,  Miss.,  was  established  June  16,  1908,  but 
the  gage  was  not  put  in  until  October  4,  1908.  It  is  maintained  in 
cooperation  with  the  Tallahatchie  drainage  commission. 

Owing  to  the  great  variation  in  height  of  the  outlet  of  Sunflower 
River  into  the  Mississippi  through  the  lower  portion  of  Yazoo  River 
and  consequently  in  the  slope  of  Sunflower  River,  there  is  no  relation 
whatever  between  gage  heights  and  discharge  at  this  station. 

As  the  gage,  which  consists  of  two  vertical  sections  above  the  bridge, 
is  set  on  sea  level  datum,  the  readings  are  elevations  above  sea  level. 
Measurements  are  from  the  downstream  side  of  the  bridge. 

The  United  States  Army  Engineers  have  maintained  a  gage  at 
this  station  for  a  portion  of  the  time,  and  the  gage  heights  prior  to 
October  4, 1908,  are  from  their  records  corrected  to  the  sea  level  datum 
of  the  new  gage. 
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Discharge  meastiremenU  of  Sunflower  River  at  Baird,  Miss.y  in  1909. 


Date.                                        Hydrographer. 

1 

Width. 

Area  of 
section. 

he§R. 

Dis- 
charge. 

Febniary23.... 
August  26 

W.  A.  Lamb 

Feet. 
234 
172 

697 

Feet. 
94.25 
82.90 

Sec.-ft. 
4,120 

E.  H.  Swett 

416 

Daily  gage  heightf  in  feet,  of  Sunflower  River  at  Baird,  Miss.,  for  1909. 
[C.  H.  Cooper,  observer.] 


Day. 

Jan. 

Feb. 

83.0 
83.0 
82.9 
829 
82.9 

83.1 
83.1 
83.1 
83.3 
83.5 

83.6 
83.6 
83.7 
83.9 
87.0 

89.4 
91.3 
92.3 
93.0 
93.5 

93.9 
94.0 
94.3 
95.0 
95.6 

95.6 
95.5 
95.0 

Mar. 

94.5 
93.9 
93.4 
92.6 
91.8 

91.5 
909 
90.5 
90.5 
90.8 

91.3 
91.7 
93.0 
94.8 
96.5 

97.4 
97.5 
97.5 
97.7 
97.7 

98.5 
98.7 
98.8 
98.4 
97.9 

97.5 
97.1 
96.9 
96.8 
96.6 
96.5 

Apr. 

96.5 
96.5 
96.5 
96.5 
96.5 

96.5 
96.4 
96.0 
95.8 
95.6 

95.4 
95.2 
95.8 
96.0 
96.0 

95.9 
95.6 
95.2 
94.7 
94.3 

93.9 
93.4 
93.0 
92.8 
92.4 

95.2 
96.7 
97.8 
98.3 
98.3 



May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

82.7 
82.7 
82.7 
82.7 
82.7 

82.7 
82.7 
82.7 
82.7 
^2.7 

82.7 
82.65 
82.66 
82.8 
82.8 

82.8 
82.8 
82.8 
82.8 
82.8 

82.8 
82.8 
82.8 
82.8 
82.8 

82.75 

82.75 

82.7 

82.7 

82.7 

Dec. 

1 

83.5 
83.5 
83.4 
83.3 
83.3 

83.2 
83.1 
83.1 
83.1 
83.0 

83.0 
83.0 
83.0 
83.0 
83.0 

83.0 
83.1 
83.1 
83.2 
83.2 

83.2 
83.2 
83.2 
83.1 
83.1 

83.1 
83.1 
83.0 
83.0 
83.0 
83.0 

98.0 
97.5 
96.9 
96.4 
95.8 

96.3 
94.8 
94.3 
93.8 
93.0 

92.8 
92.3 
91.9 
91.5 
91.2 

91.0 
90.8 
90.8 
91.0 
91.8 

92.4 
92.6 
92.7 
92.8 
95.6 

99.6 
101.7 
102.6 
103.6 
103.6 
103.7 

103.9 
104.3 
104.4 
104.1 
103.8 

103.0 
102.3 
101.5 
100.2 
99.0 

96.5 
98.0 
97.3 
96.9 
97.0 

97.0 
96.7 
96.5 
96.0 
96.6 

96.2 
94.6 
94.3 
93.9 
93.5 

93.3 
93.0 
92.8 
92.5 
92.3 

92.0 
91.8 
91.5 
91.3 
91.0 

90.7 
90.3 
89.8 
89.5 
89.2 

88.6 
88.0 
87.5 
87.0 
86.5 

86.1 
85.6 
85.2 
85.0 
84.5 

84.3 
84.2 
84.0 
84.0 
85.1. 

86.5 
85.9 
86.4 
86.6 
87.0 
87.1 

87.2 
87.3 
87.3 
87.0 
86.8 

86.4 
85.7 
85.0 
84.4 
84.2 

83.6 
83.4 
83.3 
83.2 

82.8 

2 

82.8 

3 

82.8 

4     

82.8 

5 

82.8 

6 

82.9 

7 

83.0 

8 

83.0 

9 

83.0 

10 

82.7 

82.7 
82.75 

82.7 
82.7 
82.7 

82.7 
82.7 
82.7 
82.7 
82.7 

82.75 
82.76 
82.76 
82.7 
82.7 

82.7 

82.7 
82.7 

83.0 

11 

83.0 

12 

83.2 

13 

83.3 

14 

83.4 

15 

84.1 

16 

84.6 

17 

84.7 

18 

84.7 

19 

84.6 

20 

84.3 

21 

84.1 

22 

84.1 

23 

84.2 

24 

84.3 

25 

84.4 

26 

84.7 

27 

85.8 

28 

86.7 

29 

82.7 
82.7 
82.7 

87.0 

30 

87.0 

31 

86.7 

MI8CEL.LANEOUS    MEASUREMENTS    IN    THE    L.OWER 
MISSISSIPPI  RIVER  DRAINAGE  BASIN. 

The  following  miscellaneous  discharge  measurements  were  made 
in  the  lower  Mississippi  River  drainage  basin  during  1909: 

Miscellaneous  measurements  in  lower  Mississippi  River  Basin. 
Arkantai  Rlfer  Bailii. 


Date. 

stream. 

Tributary  to— 

Locality. 

hei^t. 
Feet. 

Dis- 
charge. 

June  8 

Grape  Creek 

De  Wesse-Dye  Ditch. 
do 

Arkansas  River 

Grape  Creek 

At  mouth  Colo 

See.-ft. 
24.6 

May  6 

Canon  City,  Colo 

do 

a  0.50 

a. 30 



18.4 

June  28 

do 

13.8 

May  6 

OilCroek 

Arkansas  River 

do 

R.  R.  crossing,  Can- 
on City,  Colo. 
Florence,  Colo 

10 

Do 

Oak  Creek 

2 

a  Temporary  gage  one^ialf  mUe  below  headgate. 
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MuceUaneouB  mefuwremenU  in  Itmer  Miatimppi  River  Batin — Continued. 
Arkaaaai  Bt?er  Baatn— Continued. 


Date. 

Stream. 

Tributary  to— 

Locality. 

he2?t. 

Dis- 
charge. 

Feb.  14. 

Fountain  Creek 

Cheyenne  Creek 

Cucnans  River. 

do 

Arkansas  River 

Fountain  Creek 

Ccdfuado  Springs,  Colo. 

Feet. 

8ee.-ft. 
a  5 

Do 

do. ..."...  .T 

al.5 

May  19 

Arkansas  River 

do 

8  miles  above  LaVeta, 

Colo. 
La  Veta,  Colo 

»1.30 
e2.13 

50 

Do 

31 

Do 

Veta  Creek 

Cucharas  River 

do 

5.5 

September  15.. 
October  23 

Purgatory  River...... 

Canadian  River. 

Rayado  River 

do 

do 

Farmer's      Develop- 
ment Canal. 
do 

Cobolla  Creek. 

do 

Arkansas  River 

do 

Canadian  Rivar 

do 

do 

Rayado  River 

do 

Mora  River 

HIgbee,Colo 

2.95 

48.2 

French, N.Mex 

06.5 

January  23 

Aprils 

May  25 

January  23 

May  26 

October  27 

Springer,  N.  Mex. 

do 

do 

Miami,N.Mex 

do 

La  Cueva,  N.  Mex. . . . 

.40 

"".'46' 
.70 

.72 

.12 
0.6 
a. 4 
3.4 

5.6 
03.0 

June  25 

do 

Atmouth,  N.Mex.... 

a  1.0 

Tasoo  Bt?er  Basin. 


February  15.... 

February  21 

March  2 

March  7 

Tallahatchie  River... 

do 

do 

do 

do 

do 

do 

do 

do : 

do 

do 

..  ..do 

do 

do 

do 

do 

do 

do 

do 

Yasoo  River 

PolkvlUe,  Miss 

do 

148.25 

7.430 

do 

do 

do 

do 

do 

153.70      I2.finn 

do 

do 

156.60 
156.90 
156.40 
156.17 
153.05 
150.10 
150.00 
150.12 
150.06 
156.40 
125.90 
145.80 
144.70 
138.86 
129.85 
143.19 
142.39 
195.00 
198.00 
196.80 
197.60 
197.91 
170.83 
176.80 
173.15 
155.36 
168.60 
158.19 
157.80 
154.79 
153.11 
157.30 
164.50 

165.55 

166.10 

178.60 
177.30 
136.91 

17,600 
16,300 
15,700 
15,200 

March  17 

March  23 

do 

do 

March  20 

April  24 

Miy6 

May7 

Do 

June  11 

January  26 

March  17 

March  31 

Mayl 

May  18. 

June5 

March  18 

do 

do 

do 

do 

11,800 
8,680 

do 

do 

8,680 

do 

..  ..do 

8,180 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Locwolis,  Miss 

V^VAo.\\\\\'.V.\\\\\V. 

do 

do 

do 

Swan  Lake,  Miss. 

Pratts  Bridge,  Miss... 
do 

8,260 
16,700 
2,140 
14,800 
9,620 
7,880 
3,620 
11,400 
14,500 

Februarys..... 
February  17.... 

Cold  water  River. 

do 

Tallahatchie  River.... 
do 

2,010 
15,300 

4,890 

10,700 

12,100 

838 

April  16 

May  28. 

Junel 

Maich24 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Sarah, Miss 

February  27 

March  22 

February  21 

March  1       

do 

do 

do 

...  .do 

do 

do 

do 

do 

Askew,  Miss 

2,060 

do 

Hinchclifle,  Miss 

do 

1,490 
6,740 
6,660 
5,880 
5,400 
2,710 

Maichl6 

do 

do 

do .• 

do 

do 

March  22 

Match  20 

do 

do 

do 

do 

April  24 

do 

do 

do 

3,400 

June  5 

do 

Tillatoba  Creek 

do 

do 

do 

6,050 

February  25.... 
Do  .  . 

South  Foric,  Charles- 
ton, Miss. 

North  Fork,  Charles- 
ton, Miss. 

Both   forks,  Charles- 
ton, Mtes. 
do 

161 

.    .do 

do 

3d 

March  15 

do 

do 

402 

Match  20 

do 

do 

Sunflower  River 

do 

2,150 

Do    

do 

Yazoo  River 

do 

2,130 

February  16.... 

Clarksdale,  Miss. 

4,620 

Red  River  Basin. 


April  6. 


Ouachita  River.. 


Red  River Arkadelphia,  Ark «f3.8 


a  Estimated. 

b  Distance  below  brass  tack  in  end  of  log  at  ri^t  abutment,  downstream  side, 
e  Temporary  iwi  gage  on  bridge  one-half  mile  oelow  mouth  of  Veta  Creek, 
d  Gage  on  downstream  side  of  nighway  bridge. 
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SURFACE  WATER  SUPPLY  OF  THE  WESTERN  GUIF  OF 

MEXICO,  1909. 


By  W.  B.  Freeman  and  R.  H.  Bolster. 


INTRODUCTION. 

AUTHORITY   FOR   INVESTIGATIONS. 

This  volume  contains  results  of  flow  measurements  made  on  cer- 
tain streams  in  the  United  States.  The  work  was  perfonned  by 
the  water-resources  branch  of  the  United  States  Geological  Survey, 
either  independently  or  in  cooperation  with  organizations  mentioned 
herein.  These  investigations  are  authorized  by  the  organic  law  of 
the  Geological  Survey  (Stat.  L.,  vol.  20,  p.  394),  which  provides, 
among  other  things,  as  foUows: 

Provided  that  this  officer  [the  Director]  shall  have  the  direction  of  the  Geological 
Survey  and  the  classification  of  puhiic  lands  and  examination  of  the  geological  struc- 
ture, mineral  resoiux^es,  and  products  of  the  national  domain. 

Inasmuch  as  water  is  the  most  abundant  and  most  valuable 
mineral  in  nature  the  investigation  of  water  resources  is  included 
under  the  above  provision  for  iiivestigating  mineral  resources.  The 
work  has  been  supported  since  the  fiscal  year  ending  June  30,  1895, 
by  appropriations  in  successive  sundry  civil  bills  passed  by  Congress 
under  the  following  item: 

For  gauging  the  streams  and  determining  the  water  supply  of  the  United  States,  and 
for  the  investigation  of  underground  currents  and  artesian  wells,  and  for  the  prepara- 
tion of  reports  upon  the  best  methods  of  utilizing  the  water  resources. 

The  various  appropriations  that  have  been  made  for  this  purpose 
are  as  follows : 

Annual  appropriations  for  the  fiscal  year  ending  June  30 — 

1895 112,500 

1896 20,000 

1897  to  1900,  inclusive 50, 000 

1901  to  1902,  inclusive 100, 000 

1903  to  1906,  inclusive ^ 200, 000 

1907 150,000 

1908  to  1910,  inclusive 100, 000 

1911 150,000 
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SCOPE   OF   INVESTIGATIONS. 

These  investigations  are  not  complete  nor  do  they  include  all  the 
river  systems  or  parts  thereof  that  might  purposefully  be  studied. 
The  scope  of  the  work  is  limited  by  the  appropriations  available. 
The  field  covered  is  the  widest  and  the  character  of  the  work  is  believed 
to  be  the  best  possible  under  the  controUing  conditions.  The  work 
would  undoubtedly  have  greater  scientific  importance  and  ultimately 
be  of  more  practical  value  if  the  money  now  expended  for  wide  areas 
were  concentrated  on  a  few  small  drainage  basins;  but  such  a  course 
is  impossible  because  general  appropriations  made  by  Congress  are 
appUcable  to  aU  parts  of  the  country.  E^h  part  demands  its  propor- 
tionate share  of  the  benefits. 

It  is  essential  that  records  of  stream  flow  shaU  be  kept  during  a 
period  of  years  long  enough  to  determine  within  reasonable  limits 
the  entire  range  of  flow  from  the  absolute  maximum  to  the  absolute 
minimum.  The  length  of  such  a  period  manifestly  differs  for  different 
streams.  Experience  has  shown  that  the  records  for  some  streams 
should  cover  from  five  to  ten  years,  and  for  other  streams  twenty 
years  or  even  more,  the  limit  being  determined  by  the  relative  impor- 
tance of  the  stream  and  the  interdependence  of  the  results  with  other 
long-time  records  on  adjacent  streams. 

Iji  the  performance  of  this  work  an  effort  is  made  to  reach  the 
highest  degree  of  precision  possible  with  a  rational  expenditure  of 
time  and  a  judicious  expenditure  of  a  small  amount  of  money.  In 
all  engineering  work  there  is  a  point  beyond  which  refinement  is 
needless  and  wasteful,  and  this  statement  appUes  with  especial  force 
to  stream-flow  measurements.  It  is  confidently  believed  that  the 
stream-flow  data  presented  in  the  publications  of  the  survey  are  in 
general  sufficiently  accurate  for  all  practical  purposes.  Many  of  the 
records  are,  however,  of  insufficient  length,  owing  to  the  unforeseen 
reduction  of  appropriations  and  consequent  abandonment  of  stations. 
All  persons  are  cautioned  to  exercise  the  greatest  care  in  using  such 
incomplete  records. 

Records  have  been  obtained  at  more  than  1,550  different  points 
in  the  United  States,  and  in  addition  the  surface  water  supply  of 
small  areas  in  Seward  Peninsula  and  the  Yukon-Tanana  region, 
Alaska,  has  been  investigated.  During  1909  regular  gaging  stations 
were  maintained  by  the  survey  and  cooperating  organizations  at  about 
860  points  in  the  United  States,  and  many  miscellaneous  measure- 
ments were  made  at  other  points.  Data  were  also  obtained  in 
regard  to  precipitation,  evaporation,  storage  reservoirs,  river  profiles, 
and  water  power  in  many  sections  of  the  country  and  will  be  made 
available  in  the  regular  surface  water-supply  papers  and  in  special 
papers  from  time  to  time. 
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PURPOSES   OF   THE    WORK. 

The  results  contained  in  this  volume  are  requisite  to  meet  the  inmie- 
diate  demands  of  many  public  interests,  including  navigation,  irri- 
gation, domestic  water  supply,  water  power,  swamp  and  overflow 
land  drainage,  and  flood  prevention. 

Navigation. — ^The  Federal  Government  has  expended  more  than 
$250,000,000  for  the  improvement  of  inland  navigation,  and  pro- 
spective expenditures  will  approximate  several  times  this  amount. 
It  is  obvious  that  the  determination  of  stream  flow  is  necessary  to 
the  intelligent  solution  of  the  many  problems  involved. 

iTrigoMan. — The  United  States  is  now  expending  $51,000,000  on 
federal  irrigation  systems,  and  this  amount  is  far  e;cceeded  by  the 
private  expenditures  of  this  nature  in  the  arid  West.  The  integrity 
of  any  irrigation  system  depends  absolutely  on  the  amount  of  water 
available.  Therefore  investigations  of  stream  flow  in  that  portion  of 
the  country  are  not  only  of  first  importance  in  the  redemption  of  the 
lands  but  constitute  an  insurance  of  federal  and  private  investments. 

Domestic  water  supply, — The  highest  use  of  water  is  for  domestic 
supply,  and  although  this  branch  of  the  subject  is  of  less  direct  federal 
interest  than  the  branches  aheady  named,  it  nevertheless  has  so 
broad  a  significance  with  respect  to  the  general  welfare  that  the 
Federal  Government  is  ultimately  and  intimately  concerned. 

Water  power. — The  development  of  the  water  power  of  the  country 
is  an  economic  necessity.  Our  stock  of  coal  is  being  rapidly  depleted 
and  tiie  cost  of  steam  power  is  increasing  accordingly.  Industrial 
growth  and,  as  a  consequence,  the  progress  of  the  United  States  as 
a  nation  will  cease  if  cheap  power  is  not  available.  Water  power 
affords  the  only  avenue  now  open.  When  the  electric  transmission 
of  power  was  accomplished  the  relation  of  our  water  powers  to 
national  economy  changed  entirely.  Before  the  day  of  electric  trans- 
mission water  power,  was  important  only  at  the  locahty  at  which  it 
was  generated,  but  it  has  now  become  a  pubUc  utility  in  which  the 
individual  citizen  is  vitally  interested.  Inasmuch  as  the  amount  of 
water  power  that  may  be  made  available  depends  on  the  flow  of 
rivers,  the  investigation  of  flow  becomes  a  prerequisite  in  the  judicious 
management  of  this  source  of  energy. 

Drainage  of  swamp  and  overflowed  lands. — ^More  than  70,000,000 
acres  of  the  richest  land  in  this  country  are  now  practically  worthless 
or  of  precarious  value  by  reason  of  overflow  and  swamp  conditions. 
When  this  land  is  drained  it  becomes  exceedingly  productive  and 
its  value  increases  many  fold.  Such  reclamation  would  add  to 
the  national  assets  at  least  $700,000,000.  The  study  of  run-off  is  the 
first  consideration  in  connection  with  drainage  projects.  If  by  the 
drainage  of  a  large  area  into  any  particular  channel  that  channel 


Digitized  by 


Google 


8 


SURFACE   WATER  SUPPLY,   1909,  PART  Vin. 


becomes  so  gorged  with  water  which  it  had  not  hitherto  been  called 
upon  to  convey  that  overflow  conditions  are  created  in  places  where 
previously  the  latid  was  not  subject  to  inundation,  then  drainage 
results  merely  in  an  exchange  of  land  values.  This  is  not  the  pur- 
pose of  drainage  improvement. 

Flood  prevention. — The  damage  from  floods  in  the  United  States 
probably  exceeds  on  the  average  $100,000,000  annually,  and  in  the 
year  1908,  according  to  estimates  based  on  rehable  data,  the  aggre- 
gate damage  approximated  $250,000,000.  Such  an  annual  tax  on 
the  property  of  great  regions  should  be  reduced  in  the  orderly  progress 
of  government.  It  goes  without  saying  that  any  consideration  of 
flood  prevention  must  be  based  on  a  thorough  knowledge  of  stream 
flow,  both  in  the  contributing  areas  which  furnish  the  water  and 
along  the  great  lowland  rivers. 


PUBLICATIONS. 

The  data  on  stream  flow  collected  by  the  United  States  Geological 
Survey  since  its  inception  have  appeared  in  the  annual  reports,  bulle- 
tins, and  water-supply  papers.  Owing  to  natural  processes  of  evolu- 
tion and  to  changes  in  governmental  requirements,  the  character  of 
the  work  and  the  territory  covered  by  these  different  pubHcations 
has  varied  greatly.  For  the  purpose  of  uniformity  in  the  presenta- 
tion of  reports  a  general  plan  has  been  agreed  upon  by  the  United 
States  Reclamation  Service,  the  United  States  Forest  Service,  the 
United  States  Weather  Bureau,  and  the  United  States  Geological 
Survey,  according  to  which  the  area  of  the  United  States  has  been 
divided  into  twelve  parts,  whose  boundaries  coincide  with  certain 
natural  drainage  lines.  The  areas  so  described  are  indicated  by  the 
following  list  of  papers  on  surface  water  supply  for  1909.  The  divid- 
ing line  between  the  North  Atlantic  and  South  Atlantic  drainage 
areas  lies  between  York  and  James  rivers. 

Papers  on  surface  water  supply  of  the  United  States y  J 909. 


Part. 

No. 

Title. 

Part. 

No. 

Title. 

I 
II 

III 

IV 

V 

2C1 
262 

263 

204 
265 

North  Atlantic  coast. 

South  Atlantic  coast  and  eastern 

Gulf  of  Mexico. 
Ohio  River  Basin. 
St.  Lawrence  River  Basin. 
Upper  Mississippi  River  and  Hudson 

Bay  basins. 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

266 
267 
268 
269 
270 
271 
272 

Missouri  River  Basin. 

Lower  Mississippi  River  Basin. 

Western  Gulf  of  Mexico. 

Colorado  River  Basin. 

Great  Basin. 

California. 

North  Pacific  coast. 

The  following  table  gives  the  character  of  data  regarding  stream 
flow  at  regular  stations  to  be  found  in  the  various  publications  of  the 
United  States  Geological  Survey  exclusive  of  all  special  papers. 
Numbers  of  reports  are  inclusive,  and  dates  also  are  inclusive  so  far  as 
the  data  are  available. 


Digitized  by 


Google 


WE8TBBN  GULP  OF  MEXICO. 


9 


Streamrflow  data  in  reports  of  the  United  States  Geological  Survey, 
[Aim.— Aimaal  Report;  B.^BuItetin;  W.  8.— Water-Supply  Paper.) 


Report. 


Character  of  data. 


Year. 


10th  Ann.,  pt.  2. 
nth  Ann.,  pt.  2. 

12tb  Ann.,  pt.  2. 

13th  Ann.,  pt.  3. 

14th  Ann,  pt.  2.. 


B. 131 

16th  Ann.,  pt.  2. 
B.140 


Descriptive  information  only.. 
Monthly  diachaige 


.do.. 


W.  S.  11 

18th  Ann.,  pt.  < 

W.S.  15 


W.  S.  16.. 


19th  Ann.,  pt.  4. 

W.S.  27 

W.S.  28 


20th  Ann.,  pt.  4. 
W.S.  35  to  39... 
2l8t  Ann..,  pt.  4.. 
W.  8.47  to 52... 
22d  Ann.,pt.  4.. 

W.S.  66,  66 

W.S.  75 

W.S.  82  to85..- 
W.  8.  97  to  100. . 
W.S.  124  to  135. 
W.  S.  105  to  178. 
W.S.  201  to  214. 
W.  S.  241  to  252. 
W.  S.  261  to  272. 


Mean  discharge  in  seoond-feet 

Monthly  dischaige  (long.time  records,  1871  to  1803) 

Descriptions,  measurements,  gage  heights,  and  rathigs 

Descriptive  information  only 

Descriptions,  measurements,  gage  heights,  ratings,  and 
monthly  discharge  (also  many  data  covering  earlier  years). 

Gage  heights  (also  gage  heights  for  earlier  years) 

Descriptions,  measurements,  ratings,  and  monthly  discharge 
(also  similar  data  for  some  earlier  years). 

Descriptions,  measurements,  and  gage  heights,  eastern  United 
States,  eastern  Mississippi  River,  and  Missouri  River  above 
Junction  with  Kansas. 

Descriptions,  measurements,  and  gage  heights,  western  Missis- 
sippi River  below  Junction  of  Missouri  and  Platte,  and  west- 
em  United  States. 

Descriptions,  measurements,  ratings,  and  monthly  discharge 
(also  some  long-time  records). 

Measurements,  ratings,  and  gage  heights,  eastern  United  States, 
eastern  MissisBippiRiver.  and  Missouri  River. 

Measurements,  ratings,  and  gage  heights,  Arkansas  River  and 
western  United  States. 

Montiily  discharge  (also  tor  many  earlier  years) 

Descriptions,  measurements,  gage  heights,  and  ratings 

Monthly  discharge 

Descriptions,  measurements,  gage  heights,  and  ratings 

Monthly  discharge 

Descriptions,  measurements,  gage  heights,  and  ratings. 

Monthly  di.<tcharge 

Complete  data 


1884    to    Sept, 

1890. 
1884  to  June  30, 

1891. 

1884  to  Dec.  31, 
1892 

1888  to  Dec.  31, 

1893. 
1893  and  1894. 

1805. 

1806. 

1885  and  1896. 

1807. 


1897. 


.do., 
.do.. 


Complete  data,  except  descriptions. . 
Complete  data 


1897. 


1898. 


1899 

18«*. 

1900. 

1900. 

1901. 

1901. 

1902. 

1903. 

1904. 

1905. 

1906. 

1907-8. 

1909. 


Note.— No  data  regarding  stream  flow  are  given  in  the  15th  and  17th  annual  reports. 

The  records  at  most  of  the  stations  discussed  in  these  reports 
extend  over  a  series  of  years.  An  index  of  the  reports  containing 
records  prior  to  1904  has  been  pubUshed  in  Water-Supply  Paper  119. 
The  first  table  which  follows  gives,  by  years  and  drainage  basins,  the 
numbers  of  the  papers  on  surface  water  supply  published  from  1899 
to  1909.  Wherever  the  data  for  a  drainage  basin  appear  in  two 
papers  the  number  of  one  is  placed  in  parentheses  and  the  portion  of 
the  basin  covered  by  that  paper  is  indicated  in  the  second  table.  For 
example,  in  1904  the  data  for  Missouri  River  were  published  in  Water- 
Supply  Papers  130  and  131,  and  the  portion  of  the  records  contained 
in  Water-Supply  Paper  131,  as  indicated  by  the  second  table,  is  that 
relating  to  Platte  and  Kansas  rivers. 
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Numbers  of  water-supply  papers  containing  results  of  stream  measurements ^  1899-1909. 


Atlantic  coast  and  eastern 
Oulf  of  Mexico: 
New  England  rivers... 
Hudson  Kiver  to  Del- 
aware River,  inclu- 
sive  

Susquehanna  Rivor  to 
Yorlc  River,  inclu- 
sive  

Jiaznes  River  to  Yad- 
kin River,  inclusive. 
Santee  River  to  Pearl 

River,  inclusive 

St.  Lawrence  River 

Hudson  Bay 

Mississippi  River: 


Ohio  River. 
Upper    Mississippi 
River 

Missouri  River 

Mississippi 


Lower 
River.. 
Western  Gulf  of  Mexico. .. 
Pacific  coast  and   Great 
Basin: 


1899.« 


35 


35 


35 


(35),  36 

36 
3G 


Colorado  River.. 


Great  Basin 

South  Pacific  coast  to 
Klamath  River,  In- 
clusive  

North  Pacific  coast 


(36),  37 

37 
37 


(37),  38 
3S.  (39) 

(38),  39 
38 


1900.ft 


47 
47,(48) 

48 

48 


48,  (49) 
49 

49, (50) 


1901. 


65,75 

66,75 

65,75 

65,75 

65,75 
65,75 
66,75 

65,75 
65,75 

66.75 
50     rrf},75 


1902. 


66,75 
66,75 


66.75 
66,75 


82 

82 

82 

(82),  83 

83 

(82),  83 

85 

83 
83 

84 

(83),84 
84 

85 
85 

85 
85 


1903. 


97 

97 

97 

(97), 98 

98 
97 
100 

98 
98.(99) 

99 

(98),  99 
99 

100 
100 

100 
100 


1904. 


124 

125 

126 

126 

127 
129 
130 

128 

128, 

(130) 

130. 

(131) 

(128). 

131 

132 


133. 
(134) 

133. 
(134) 


134 
135 


1905. 

165 

166 

167 
167 


170 
171 

109 
171 

172 
174 


175, 
(177) 

176, 
(177) 


177 


1906.    1907-8. 


201  241 

202  I      241 


203 


241 
242 


204         242 

206  244 

207  245 


205 
207  i 


243 
245 


206  I  240 

(205).^  247 

209  /  ^' 

210  248 


211. 
(213) 

212, 
(213) 


{    178  ,}  ■ 


213 
214 


(251) 
250. 
(251) 


251 
252 


1908. 


261 

261 
261 


262 
264 
265 


265 
266 
267 


269, 
(271) 
270, 
(271) 


271 
272 


a  Rating  tables  and  index  to  Water-Supply  Papers  35-39  contained  In  Water-Supply  Paper  39. 
6  Rating  tables  and  Index  to  Water-Supply  Papers  47-52  and  data  ( 


In  California  and  Utah  contained  In  Water-Supply  Pap^r  52. 


I  on  precipitation,  wells,  and  irrigation 


Numbers  of  water-supply  papers  containing  data  covering  portions  of  drainage  basins. 


No. 

River  basin. 

Tributaries  included. 

85 

James 

36 

Missouri 

Gallatin. 

37 

Colorado 

Green.  Gunnison.  Grand  above  Junction  with  Gunnison. 

Except  Kings  and  Kern. 

Mohave. 

38 

Sacramento 

39 

Great  Basin 

48 
49 
50 

65 

Delaware 

Ohio 

Missouri 

liower  Mississippi 

Wissahlckon  and  Schuylkill. 

Scioto. 

Loup  and  Platt«  near  Columbus,  Nebr.    All  tributaries  below 

junction  with  Platte. 
Vaaioo. 

/James " 

82 

\St.  Lawrence 

Lake  Ontario,  tributaries  to  St.  Lawrence  Ulver  proper. 
Yazoo. 

83 

Lower  Mississippi 

97 

James 

98 

r^wM*  MIssf<i«'Jppl .                ... 

Do. 

99 

Upper  Ml.ssissippi 

Tributaries  fh)m  the  wast. 

1?« 

Lower  Mississippi 

Yazoo. 

130 

Upper  MIsaissippi 

Tributaries  from  the  west. 

131 

Missouri 

Platte,  Kansas. 

/Colorado 

Data  near  Yuma,  Ariz.,  repeated. 
Susan,  Owens,  Mohave. 

134 

\Great  Basin 

169 

lx)wer  Mississippi 

Yazoo. 

(Colorado . .               

Below  Junction  with  Olbi. 
Susan  repeated,  Owens.  Mohave. 
Rogue,  Umpqua,  Siletz. 
Ya7.oo,  Homochitto. 

177 

•  Great  Basin 

North  Pacific  coast 

205 

Lower  Mississippi 

/Colorado 

Data  at  Hardj'vllle  repeated;  at  Yuma,  Salton  Sea. 
Owens,  Mohave. 

213 

Great  Basin. 

251 

/Colorado 

Yuma  and  Salton  Sea  stations  repeated. 
Owens  River  basin. 

271 

Great  Ba.sln 
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The  order  of  treatment  of  stations  in  any  basin  in  these  papers  is 
downstream.  The  main  stem  of  any  river  is  determined  on  the 
basis  of  drainage  area,  local  changes  in  name  and  lake  surface  being 
disregarded.  After  all  stations  from  the  source  to  the  mouth  of  the 
main  stem  of  the  river  have  been  given,  the  tributaries  are  taken  up 
in  regular  order  from  source  to  mouth.  The  tributaries  are  treated 
ttie  same  as  the  main  stream,  all  stations  in  each  tributary  basin 
being  given  before  taking  up  the  next  one  below. 

The  exceptions  to  this  rule  occur  in  the  records  for  Mississippi 
River,  which  are  given  in  four  parts,  as  indicated  above,  and  in  the 
records  for  large  lakes,  where  it  is  often  clearer  to  take  up  the  streams 
in  regular  order  around  the  rim  of  the  lake  than  to  cross  back  and 
forth  over  the  lake  surface. 

DEFINmON   OF  TERMS. 

The  volume  of  water  flowing  in  a  stream — the  ''run-oflF"  or  "dis- 
charge"— is  expressed  in  various  terms,  each  of  which  has  become 
associated  with  a  certain  class  of  work.  These  terms  may  be  divided 
into  two  groups:  (1)  Those  which  represent  a  rate  of  flow,  as  second- 
feet,  gallons  per  minute,  miner's  inches,  and  run-off  in  second-feet 
per  square  mile,  and  (2)  those  which  represent  the  actual  quantity 
of  water,  as  run-off  in  depth  in  inches  and  acre-feet.  They  may  be 
defined  as  follows: 

''Second-foot"  is  an  abbreviation  for  cubic  foot  per  second  and  is 
the  rate  of  discharge  of  water  flowing  in  a  stream  1  foot  wide,  1  foot 
deep,  at  a  rate  of  1  foot  per  second.  It  is  generally  used  as  a  funda- 
mental unit  from  which  others  are  computed  by  the  use  of  the  factors 
given  in  the  following  table  of  equivalents: 

''  Gallons  per  minute"  is  generally  \ised  in  connection  with  pumping 
and  city  water  supply. 

The  ''miner's  inch"  is  the  rate  of  discharge  of  water  that  passes 
through  an  orifice  1  inch  square  under  a  head  which  varies  locally. 
It  is  commonly  used  by  miners  and  irrigators  throughout  the  West 
and  is  defined  by  statute  in  each  State  in  which  it  is  used. 

"Second-feet  per  square  mile"  is  the  average  number  of  cubic  feet 
of  water  flowing  per  second  from  each  square  mile  of  area  drained, 
on  the  assumption  that  the  rim-off  is  distributed  uniformly  both  as 
regards  time  and  area. 

"Run-off  in  inches"  is  the  depth  to  which  the  drainage  area  would 
be  covered  if  all  the  water  flowing  from  it  in  a  given  period  were 
conserved  and  uniformly  distributed  on  the  surface.  It  is  used  for 
comparing  nm-off  with  rainfall,  which  is  usually  expressed  in  depth 
in  inches. 
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*' Acre-foot"  is  equivalent  to  43,560  cubic  feet,  and  is  the  quantity 
required  to  cover  an  acre  to  the  depth  of  1  foot.  It  is  commonly 
used  in  connection  with  storage  for  irrigation  work. 

CONVENIENT   EQUIVALENTS. 

The  following  is  a  list  of  convenient  equivalents  for  use  in  hydraulic 
computations: 

1  second-foot  equals  40  California  miner's  inches  (law  of  March  23, 1901). 
1  second-foot  equals  38.4  Colorado  miner's  inches. 
1  second-foot  equals  40  Arizona  miner's  inches. 

1  second-foot  equals  7.48  United  States  gallons  per  second;  equals  448.8  gallons  per 
minute;  equals  646,272  gallons  for  one  day. 
1  second-foot  equals  6.23  British  imperial  gallons  per  second. 
1  second-foot  for  one  year  covers  1  square  mile  1.131  feet  or  13.572  inches  deep. 
1  second-foot  for  one  year  equals  31,536,000  cubic  feet. 
1  second-foot  equals  about  1  acre-inch  per  hour. 
1  second-foot  for  one  day  covers  1  square  mile  0.03719  inch  deep. 
1  second -foot  for  one  28-day  month  covers  1  square  mile  1.041  inches  deep. 
1  second-foot  for  one  29-day  month  covers  1  square  mile  1.079  inches  deep. 
1  second-foot  for  one  30-day  month  covers  1  square  mile  1.116  inches  deep. 
1  second-ioot  for  one  31-day  month  covers  1  square  mile  1.153  inches  deep. 
1  second-foot  for  one  day  equals  1.983  acre-feet. 
1  second-foot  for  one  28-day  month  equals  55.54  acre-feet. 
1  second-foot  for  one  29-day  month  equals  57.52  acre-feet. 
1  second-foot  for  one  30-day  month  equals  59.50  acre-feet. 
1  second-foot  for  one  31-day  month  equals  61.49  acre-feet. 
100  California  miner's  inches  equal  18.7  United  States  gallons  per  second. 
100  California  miner's  inches  equal  96  Colorado  miner's  inches. 
100  California  miner's  inches  for  one  day  equal  4.96  acre-feet. 
100  Colorado  miner's  inches  equal  2.60  second-feet. 
100  Colorado  miner's  inches  equal  19.5  United  States  gallons  per  second. 
100  Colorado  miner's  inches  equal  104  California  miner's  inches. 
100  Colorado  miner's  inches  for  one  day  equal  5.17  acre-feet. 
100  United  States  gallons  per  minute  equal  0.223  second-foot. 
100  United  States  gallons  per  minute  for  one  day  equal  0.442  acre-loot. 
1,000,000  United  States  gallons  per  day  equal  1.55  second-feet. 
1,000,000  United  States  gallons  equal  3.07  acre-feet.  ^ ; 

1,000,000  cubic  feet  equal  22.95  acre-feet. 
1  acre-foot  equals  325,850  gallons. 

1  inch  deep  on  1  square  mile  equals  2,323,200  cubic  feet. 
1  inch  deep  on  1  square  mile  equals  0.0737  second-foot  per  year.      P 
1  foot  equals  0.3048  meter.  - 

1  mile  equals  1.60935  kilometers.  |^ 

1  mile  equals  5,280  feet. 
1  acre  equals  0.4047  hectare. 
1  acre  equals  43,560  square  feet. 
1  acre  equals  209  feet  square,  nearly. 
1  square  mile  equals  2.59  square  kilometers. 
1  cubic  foot  equals  0.0283  cubic  meter. 
1  cubic  foot  equals  7.48  gallons. 
1  cubic  foot  of  water  weighs  62.5  pounds. 
1  cubic  meter  per  minute  equals  0.5886  second-foot. 


Digitized  by 


Google 


WESTERN  GULF   OF   MEXICO.  13 

1  horsepower  equals  550  foot-pounds  per  second. 

1  horsepower  equals  76  kilogram-meterB  per  second. 

1  horsepower  equals  746  watts. 

1  horsepower  equals  1  second-foot  falling  8.80  feet. 

1^  horsepower  equal  about  1  kilowatt. 

To  calculate  water  power  quickly:  Sec.-ft.Xfall  m  ieet^^^^  horsepower  on  water 

wheel  realizing  80  per  cent  of  theoretical  power. 

EXPLANATION   OF   TABLES. 

For  each  drainage  basin  there  is  given  a  brief  description  of  gen- 
eral conditions  covering  such  features  as  area,  source,  tributaries, 
topography,  geology,  conditions  of  forestation,  rainfall,  ice  conditions, 
irrigation,  storage,  power  possibilities,  and  other  special  features  of 
importance  or  interest. 

For  each  regular  current-meter  gaging  station  are  given  in  general, 
and  so  far  available,  the  following  data:  Description  of  station, 
list  of  discharge  measurements,  table  of  daily  gage  heights,  table  of 
daily  discharges,  table  of  monthly  and  yearly  discharges  and  run-off. 
For  stations  located  at  weirs  or  dams  the  gage-height  table  is  omitted. 

In  addition  to  statements  regarding  the  location  and  installation 
of  current-meter  stations,  the  descriptions  give  information  in  regard 
to  any  conditions  which  may  affect  the  constancy  of  the  relation  of 
gage  height  to  discharge,  covering  such  points  as  ice,  logging,  shifting 
conditions  of  flow,  and  backwater;  also  information  regarding  diver- 
sions which  decrease  the  total  flow  at  the  measuring  section.  State- 
ments are  also  made  regarding  the  accuracy  and  reliabiUty  of  the 
data. 

The  discharge-measurement  table  gives  the  results  of  the  discharge 
measurements  made  during  the  year,  including  the  date,  name  of 
hydrographer,  width  and  area  of  cross  section,  gage  height,  and 
discharge  in  second-feet. 

The  table  of  daily  gage  heights  gives  the  daily  fluctuations  of  the 
surface  of  the  river  as  found  from  the  mean  of  the  gage  readings 
taken  each  day.  At  most  stations  the  gage  is  read  in  the  morning 
and  in  the  evening.  The  gage  height  given  in  the  table  represents 
the  elevation  of  the  surface  of  the  water  above  the  zero  of  the  gage. 
All  gage  heights  during  ice  conditions,  backwater  from  obstructions, 
etc.,  are  published  as  recorded,  with  suitable  footnotes.  The  rating 
is  not  applicable  for  such  periods  unless  the  proper  corrections  to 
the  gage  heights  are  known  and  applied.  Attention  is  called  to  the 
fact  that  the  zero  of  the  gage  is  placed  at  an  arbitrary  datum  and  has 
no  relation  to  zero  flow  or  the  bottom  of  the  river.  In  general,  the 
zero  is  located  somewhat  below  the  lowest  known  flow,  so  that 
n^ative  readings  shall  not  occur. 
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The  discharge  measurements  and  ge^e  heights  are  the  base  data 
from  which  rating  tables,  daily  discharge  tables,  and  monthly  dis- 
chaige  tables  are  computed. 

The  rating  table  gives,  either  directly  or  by  interpolation,  the  dis- 
charge in  second-feet  corresponding  to  every  stage  of  the  river  recorded 
during  the  period  for  which  it  is  appUcable.  It  is  not  published  in 
this  report,  but.  can  be  determined  from  the  daily  gage  heights  and 
daily  discharges  for  the  purpose  of  verifying  the  published  results  as 
follows: 

First  plot  the  discharge  measurements  for  the  current  and  earlier 
years  on  cross-section  paper  with  gage  heights  in  feet  as  ordinates  and 
discharge  in  second-feet  as  abscissas.  Then  tabulate  a  number  of 
gage  heights  taken  from  the  daily  gage  height  table  for  the  complete 
range  of  stage  given  and  the  corresponding  discharges  for  the  days 
selected  from  the  daily  discharge  table  and  plot  the  values  on  cross- 
section  paper.  The  last  points  plotted  will  define  the  rating  curve 
used  and  will  he  among  the  plotted  discharge  measurements.  After 
drawing  the  rating  curve,  a  table  can  be  developed  by  scaling  off  the 
discharge  in  second-feet  for  each  tenth  foot  of  gage  height.  These 
values  should  be  so  adjusted  that  the  first  differences  shall  always  be 
increasing  or  constant,  except  for  known  backwater  conditions. 

The  table  of  daily  discharges  gives  the  discharges  in  second-feet 
corresponding  to  the  observed  gage  heights  as  determined  from  the 
rating  tables. 

In  the  table  of  monthly  discharge  the  column  headed  "Maximum" 
gives  the  mean  flow,  as  determined  from  the  rating  table,  for  the  day 
when  the  mean  gage  height  was  highest.  As  the  gage  height  is  the 
mean  for  the  day,  it  does  not  indicate  correctly  the  stage  when  the 
water  surface  was  at  crest  height  and  the  corresponding  discharge 
consequently  larger  than  given  in  the  maximum  column.  Likewise, 
in  the  colunm  of  "Minimum"  the  quantity  given  is  the  mean  flow  for 
the  day  when  the  mean  gage  height  was  lowest.  The  column  headed 
"Mean"  is  the  average  flow  in  cubic  feet  for  each  second  during  the 
month.  On  this  the  computations  for  the  remaining  columns,  which 
are  defined  on  page  11,  are  based. 

FIELD   METHODS   OF   MEASURING   STREAM   FLOW. 

There  are  three  distinct  methods  of  determining  the  flow  of  open- 
channel  streams:  (1)  By  measurements  of  slope  and  cross  section 
and  the  use  of  Chezy's  and  Kutter's  formulas;  (2)  by  means  of  a 
weir  or  dam;  (3)  by  measurements  of  the  velocity  of  the  current  and 
of  the  area  of  the  cross  section.  The  method  chosen  depends  on  the 
local  physical  conditions,  the  degree  of  accuracy  desired,  the  funds 
available,  and  the  length  of  time  that  the  record  is  to  be  continued. 
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Slope  method, — Much  information  has  been  collected  relative  to  the 
coefficients  to  be  used  in  the  Chezy  formula,  v^c-^Rs.  This  has 
been  utilized  by  Kutter,  both  in  developing  his  formula  for  e  and  in 
determining  the  values  of  the  coefficient  n  which  appears  therein. 
The  results  obtained  by  the  slope  method  are  in  general  only  roughly 
approximate;  owing  to  the  difficulty  in  obtaining  accurate  data  and 
the  uncertainty  of  the  value  for  r^  to  be  used  in  Kutter's  formula. 
The  most  common  use  of  this  method  is  in  estimating  the  flood  dis- 
charge of  a  stream  when  the  only  data  available  are  the  cross  section, 
the  slope  as  shown  by  marks  along  the  bank,  and  a  knowledge  of  the 
general  conditions.  It  is  seldom  used  by  the  United  States  Geo- 
logical Survey.  For  full  information  regarding  this  method  the  reader 
is  referred  to  the  various  text-books  on  hydraulics. 

Weir  method. — Relatively  few  stations  are  maintained  at  weirs  or 
dams  by  the  United  States  Geological  Survey.  Standard  types  of 
sharp-crested  and  broad-crested  weirs,  within  the  limits  for  which 
accurate  coefficients  have  been  experimentally  obtained,  give  very 
accurate  records  of  discharge  if  properly  maintained.  At  practically 
all  broad-crested  weirs,  however,  there  is  a  diversion  of  water  either 
through  or  around  the  dam,  usually  for  the  purpose  of  development 
of  water  power.  The  flow  is  often  complicated  and  the  records  are 
subject  to  errors  from  such  sources  as  leakage  throu^li  the  dam, 
backwater  at  high  stages,  uncertainty  regarding  coefficient,  irr^u- 
larity  of  crest,  obstructions  from  logs  or  ice,  use  of  flashboards,  old' 
turbines  with  imperfect  ratings,  and  many  others,  depending  on  the 
type  of  development  and  the  uses  of  the  diverted  water. 

In  general,  records  of  discharge  at  dams  are  usually  accurate  enough 
for  practical  use  if  no  others  are  available.  It  has  been  the  general 
experience  of  the  United  States  Geological  Survey,  however,  that 
records  at  current-meter  gaging  stations  under  unobstructed-channel 
conditions  are  more  accurate  than  those  collected  at  dams  and  where 
the  conditions  are  reasonably  favorable  are  practically  as  good  as 
those  obtained  at  sharp-crested  weirs.* 

Velocity  method, — Streams  in  general  present  throughout  their 
courses  to  a  greater  or  less  extent  all  conditions  of  permanent,  semi- 
permanent, and  varying  conditions  of  flow.  In  accordance  with  the 
location  of  the  measuring  section  with  respect  to  these  physical 
conditions  current-meter  gaging  stations  may  in  general  be  divided 
into  four  classes — (1)  those  with  permanent  conditions  of  flow; 
(2)  those  with  beds  which  change  only  during  extreme  high  water; 

»  The  determinatioii  of  discharge  over  the  different  types  of  weira  and  dama  Is  treated  fully  in  "Weir 
experiments,  ooefflcients,  and  formulas"  (Water-Supply  Paper  200)  and  in  the  various  text-books  on 
hydraulics.  "Turbine  water-wheel  tests  and  power  tables"  (Water-Supply  Paper  180)  treats  of  the  dis- 
charge through  turbines  when  used  as  meters.  The  edition  of  the  latter  water-supply  paper  la  nearly 
exhausted.  The  paper  can,  however,  be  consulted  at  most  of  the  larger  libraries  of  the  country  or  it  can 
be  obtained  from  the  Superintendent  of  Documents,  Washington,  D.  C,  at  a  cost  of  20  cents. 
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(3)  those  with  beds  which  change  frequently  but  which  do  not  cause 
a  variation  of  more  than  about  5  per  cent  of  the  discharge  curves 
from  year  to  year;  and  (4)  those  with  constantly  shifting  beds.  In 
determining  the  daily  flow  different  office  methods  are  necessary  for 
each  class.  The  field  data  on  which  the  determinations  are  based  and 
the  methods  of  collecting  them  are,  however,  in  general  the  same. 

Great  care  is  taken  in  the  selection  and  equipment  of  gaging  sta- 
tions for  determinmg  discharge  by  velocity  measurements  in  order 
that  the  data  may  have  the  required  degree  of  -accuracy.  They  are 
located,  as  far  as  possible,  at  such  points  that  the  relation  between 
gage  height  and  discharge  will  always  remain  constant  for  any  given 
stage.  The  experience  of  engineers  of  the  Geological  Survey  has 
been  that  permanency  of  conditions  of  flow  is  the  prime  requisite  of 
any  current-meter  gaging  station  when  maintained  for  several  years, 
unless  funds  are  available  to  cover  all  changes  in  conditions  of  flow. 
A  straight,  smooth  section,  without  cross  currents,  backwater,  boils, 
etc.,  at  any  stage  is  highly  desirable,  but  on  most  streams  is  not 
attainable  except  at  the  expense  of  a  cable  equipment.  Rough,  per- 
manent sections,  if  measurements  are  properly  made  by  experienced 
engineers,  taking  measuring  points  at  a  distance  apart  of  5  per  cent 
or  less  of  the  total  width,  will  within  reasonable  limits  yield  better 
results  for  a  given  outlay  of  money  than  semipermanent  or  shifting 
sections  with  smooth,  uniform  current.  So  far  as  possible,  stations 
are  located  where  the  banks  are  high  and  not  subject  to  overflow  at 
high  stages  and  out  of  the  influence  of  tributary  streams,  dams,  or 
other  artificial  obstructions  which  might  affect  the  relation  between 
gage  height  and  discharge. 

A  gaging  station  consists  essentially  of  a  gage  for  determining  the 
daily  fluctuations  of  stage  of  the  river  and  some  structure  or  appara- 
tus from  which  discharge  measurements  are  made,  usually  a  bridge 
or  cable. 

The  two  factors  required  to  determine  the  discharge  of  a  stream 
past  a  section  perpendicualr  to  the  mean  direction  of  the  current  are 
the  area  of  the  cross  section  and  the  mean  velocity  of  flow  normal  to 
that  section. 

In  making  a  measurement  with  a  current  meter  a  number  of  points, 
called  measuring  points,  are  measured  off  above  and  in  the  plane  of 
the  measuring  section  at  which  observations  of  depth  and  velocity 
are  taken.  (See  PI.  I,  A.)  These  points  are  spaced  equally  for  those 
parts  of  the  section  where  the  flow  is  uniform  and  smooth,  and  are 
spaced  unequally  for  other  parts,  according  to  the  discretion  and 
judgment  of  the  engineer.  In  general,  the  points  should  not  be  spaced 
farther  apart  than  5  per  cent  of  the  channel  width,  nor  farther  apart 
than  the  approximate  mean  depth  of  the  section  at  the  time  of 
measurement. 
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The  measuring  points  divide  the  total  cross  section  into  elementary- 
strips,  at  each  end  of  which  observations  of  depth  and  velocity  are 
made.  The  discharge  of  any  elementary  strip  is  the  product  of  the 
average  of  the  depths  at  the  two  ends  times  the  width  of  the  strip 
times  the  average  of  the  mean  velocities  at  the  two  ends  of  the  strip. 
The  sum  of  the  discharges  of  the  elementary  strips  is  the  total  dis- 
charge of  the  stream.* 

Depths  for  the  determination  of  the  area  are  usually  obtained 
by  sounding  with  the  current  meter  and  cable.  In  rough  sections 
or  swift  current  an  ordinary  weight  and  cable  are  used,  particular 
care  being  taken  that  all  observations  shall  be  in  the  plane  of  the 
cross  section. 

Two  methods  of  determining  the  velocity  of  flow  of  a  stream  are 
in  general  use — the  float  method  and  the  current-meter  method. 

The  float  method,  with  its  various  modifications  of  surface,  sub- 
surface, and  tube  or  rod  floats,  is  now  considered  obsolete  in  the 
ordinary  practice  of  the  United  States  Geological  Survey.  The  use 
of  this  method  is  Umited  to  special  conditions  where  it  is  impracti- 
cable to  use  the  current  meter,  such  as  in  places  where  large  quanti- 
ties of  ice  or  d6bris  which  may  damage  the  meter  are  flowing  with 
the  current,  and  for  miscellaneous  measurements  or  other  work  where 
a  high  degree  of  accuracy  is  not  necessary.  Tube  floats  are  very 
satisfactory  for  use  in  canals  with  regular  bottoms  and  even  flow  of 
current.  Measurements  by  the  float  method  are  made  aa  follows: 
The  velocity  of  flow  of  the  stream  is  obtained  by  observing  the  time 
which  it  takes  floats  set  free  at  different  points  across  the  stream  to 
pass  between  two  range  Unes  about  200  feet  apart.  The  area  used 
is  the  mean  value  obtained  from  several  cross  sections  measured 
between  the  two  range  lines.  The  chief  disadvantages  of  this  method 
are  difficulty  in  obtaining  the  correct  value  of  mean  area  for  the 
course  used  and  uncertainty  regarding  the  proper  coefficient  to  apply 
to  the  observed  velocity.* 

The  Price  current  meter  is  now  used  almost  to  the  exclusion  of 
other  types  of  meters  by  the  United  States  Geological  Survey  in  the 
determination  of  the  velocity  of  flow  of  water  in  open  channels,  a 
use  for  which  it  is  adapted  under  practically  all  conditions.' 

Plate  II  shows  in  the  center  the  new  type  of  penta-recording  current 
meter  equipped  for  measurements  at  bridge  and  cable  stations;  on  the 
left  the  same  type  of  meter  is  shown  equipped  for  wading  measure- 

1  For  a  discuasfon  of  methods  of  computing  the  discharge  of  a  stream  see  Engineering  News,  June  25, 1906. 

«  Further  information  regarding  this  method  is  given  in  Water-Supply  Paper  95  and  in  the  various  text- 
books covering  the  general  subject  of  stream  flow.  The  edition  of  this  paper  is  nearly  exliausted.  It  can, 
however,  be  consulted  at  most  of  the  larger  libraries  of  the  country,  or  can  l>e  obtained  from  the  Superin- 
tendent of  Documents,  Washington,  D.  C,  at  a  cost  of  15  cents. 

*See  Ho3rt,  J.  C,  and  others,  use  and  care  of  the  current  meter  as  practiced  by  the  United  States  Oeo- 
logical  Survey:  Trans.  Am.  Soc.  C.  E.,  vol.  66, 1910,  p.  70. 
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ments,  to  record  by  the  acoustic  method;  the  meter  shown  on  the 
right  is  equipped  to  record  electrically.  (See  PL  I,  B.)  Briefly,  the 
meter  consists  of  six  cups  attached  to  a  vertical  shaft  which  revolves 
on  a  conical  hardened-steel  point  when  immersed  in  moving  water. 
The  revolutions  are  indicated  electrically.  The  rating  or  relation 
between  the  velocity  of  the  moving  water  and  the  revolutions  of 
the  wheel  is  determined  for  each  meter  by  drawing  it  through  still 
water  for  a  given  distance  at  different  speeds  and  noting  the  number 
of  revolutions  for  each  run.  From  these  data  a  rating  table  is  pre- 
pared which  gives  the  velocity  per  second  of  moving  water  for  any 
number  of  revolutions  in  a  given  time  interval.  The  ratio  of  revolu- 
tions per  second  to  velocity  of  flow  in  feet  per  second  is  very  nearly  a 
constant  /or  all  speeds,  and  is  approximately  0.45. 

Three  classes  of  methods  of  measuring  velocity  with  current  meters 
are  in  general  use — multiple-point,  single-point,  and  integration. 

The  two  principal  multiple-point  methods  in  general  use  are  the 
vertical  velocity  curve  and  0.2  and  0.8  depth. 

In  the  vertical  velocity  curve  method  a  series  of  velocity  determi- 
nations are  made  in  each  vertical  at  regular  intervals,  usually  about 
10  to  20  per  cent  of  the  depth  apart.  By  plotting  these  velocities  as 
abscissas  and  their  deptlis  as  ordinates  and  drawing  a  smooth  curve 
among  the  resulting  points,  the  vertical  velocity  curve  is  developed. 
This  curve  shows  grapliically  the  magnitude  and  changes  in  velocity 
from  the  surface  to  the  bottom  of  the  stream.  The  mean  velocity 
in  the  vertical  is  then  obtained  by  dividing  the  area  bounded  by 
this  velocity  curve  and  its  axis  by  the  depth.  Tliis  method  of  obtain- 
ing the  mean  velocity  in  the  vertical  is  probably  the  best  known, 
but  on  account  of  the  length  of  time  required  to  make  a  complete 
measurement  its  use  is  largely  limited  to  the  determination  of  coef- 
ficients for  purposes  of  comparison  and  to  measurements  under  ice. 

In  the  second  multiple-point  method  the  meter  is  held  successively 
at  0.2  and  0.8  depth,  and  the  mean  of  the  velocities  at  these  two 
points  is  taken  as  the  mean  velocity  for  that  vertical.  (See  PI.  I,  A.) 
On  the  assumption  that  the  vertical  velocity  curve  is  a  common 
parabola  with  horizontal  axis,  the  mean  of  the  velocities  at  0.22  and 
0.79  depth  will  give  (closely)  the  mean  velocity  in  the  vertical. 
Actual  observations  under  a  wide  range  of  conditions  show  that  this 
multiple-point  method  gives  the  mean  velocity  very  closely  for  open- 
water  conditions  and  that  in  a  completed  measurement  it  seldom 
varies  as  much  as  1  per  cent  from  the  value  given  by  the  vertical 
velocity  curve  method.  Moreover,  the  indications  are  that  it  holds 
nearly  as  well  for  ice-covered  rivers.  It  is  very  extensively  used  in 
the  regular  practice  of  the  United  States  Geological  Survey. 

The  single-point  method  consists  in  holcHng  the  meter  either  at 
tl)^  depth  of  the  tliread  of  mean  velocity  or  at  an  arbitrary  depth 
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for  which  the  coefficient  for  reducing  to  mean  velocity  has  been 
determined  or  must  be  assumed. 

Extensive  experiments  by  means  of  vertical  velocity  curves  show 
that  the  thread  of  mean  velocity  generally  occurs  between  0.5  and 
0.7  total  depth.  In  general  practice  the  thread  of  mean  velocity  is 
considered  to  be  at  0.6  depth,  and  at  this  point  the  meter  is  held  in 
most  of  the  measurements  made  by  the  single-point  method.  A 
large  number  of  vertical  velocity  curve  measurements,  taken  on 
many  streams  and  under  varying  conditions,  show  that  the  average 
coefficient  for  reducing  the  velocity  obtained  at  0.6  depth  to  mean 
velocity  is  practically  unity.  The  variation  of  the  coefficient  from 
unity  in  individual  cases  is,  however,  greater  than  in  the  0.2  and 
0.8  method  and  the  general  results  are  not  as  satisfactory. 

In  the  other  principal  single-point  method  the  meter  is  held  near 
the  surface,  usually  1  foot  below,  or  low  enough  to  be  out  of  the 
effect  of  the  wind  or  other  disturbing  influences.  This  is  known  as 
the  subsurface  method.  The  coefficient  for  reducing  the  velocity 
taken  at  the  subsurface  to  the  mean  has  been  found  to  be  in  general 
from  about  0.85  to  0.95,  depending  on  the  stage,  velocity,  and  chan- 
nel conditions.  The  higher  the  stage  the  larger  the  coefficient.  This 
method  is  especially  adapted  for  flood  measurements  or  when  the 
velocity  is  so  great  that  the  meter  can  not  be  kept  in  the  correct 
position  for  the  other  methods. 

The  vertical-integration  method  consists  in  moving  the  meter  at  a 
slow,  uniform  speed  from  the  surface  to  the  bottom  and  back  again 
to  the  surface  and  noting  the  number  of  revolutions  and  the  time 
taken  in  the  operation.  This  method  has  the  advantage  that  the 
velocity  at  each  point  of  the  vertical  is  measured  twice.  It  is  useful 
as  a  check  on  the  point  methods.  In  using  the  Price  meter  great 
care  should  be  taken  that  the  vertical  movement  of  the  meter  is  not 
rapid  enough  to.  vitiate  the  accuracy  of  the  resulting  velocity. 

The  determination  of  the  flow  of  an  ice-covered  stream  is  difficult, 
owing  to  diversity  and  instability  of  conditions  during  the  winter 
period  and  also  to  lack  of  definite  information  in  regard  to  the  laws 
of  flow  of  water  under  ice.  The  method  now  employed  is  to  make 
frequent  discharge  measurements  during  the  frozen  periods  by  the 
0.2  and  0.8  and  the  vertical  velocity  curve  methods,  and  to  keep  an 
accurate  record  of  the  conditions,  such  as  the  gage  height  to  the  sur- 
face of  the  water  as  it  rises  in  a  hole  cut  in  the  ice,  and  the  thickness 
and  character  of  the  ice.  From  these  dala  an  approximate  estimate 
of  the  daily  flow  can  be  made  by  constructing  a  rating  curve  (really 
a  series  of  curves)  similar  to  that  used  for  open  channels,  but  con- 
sidering, in  addition  to  gage  heights  and  discharge,  the  varying 
thickness  of  ice.* 

» For  information  In  regard  to  flow  under  ice  cover  see  Water-Supply  Paper  U.  8.  Oeol.  Survey  No.  187, 
1907. 
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OFFICE     METHODS     OF     COMPUTING     AND     STUDYING     DISCHARGE     AND 

RUN-OFF. 

At  the  end  of  each  year  the  field  or  base  data  for  current-meter 
gaging  stations,  consisting  of  daily  gage  heights,  discharge  measure- 
ments, and  full  notes,  are  assembled.  The  measurements  are  plotted 
on  cross-section  paper  and  rating  curves  are  drawn  wherever  feasible. 
The  rating  tables  prepared  from  these  curves  are  then  appUed  to 
the  tables  of  daily  gage  heights  to  obtain  the  daily  discharges,  and 
from  these  appUcations  the  tables  of  monthly  dischai^e  and  run-off 
are  computed. 

Rating  curves  are  drawn  and  studied  with  special  reference  to 
the  class  of  channel  conditions  which  they  represent.  The  discharge 
measurements  for  all  classes  of  stations  when  plotted  with  gage 
heights  in  feet  as  ordinates  and  discharges  in  second-feet  as  abscissas 
define  rating  curves  which  are  generally  more  or  less  paraboUc  in 
form.  In  many  cases  curves  of  area  in  square  feet  and  mean  velocity 
in  feet  per  second  are  also  constructed  to  the  same  scale  of  ordinates 
as  the  discharge  curve.  These  are  used  mainly  to  extend  the  dis- 
charge curves  beyond  the  limits  of  the  plotted  discharge  measure- 
ments and  for  checking  purposes  to  avoid  errors  in  the  form  of  the 
discharge  curve  and  to  determine  and  eliminate  erroneous  measure- 
ments. 

For  every  rating  table  the  following  assumptions  are  made  for 
the  period  of  appUcation  of  the  table :  (a)  That  the  discharge  is  a  func- 
tion of  and  increases  gradually  with  the  stage;  (b)  that  the  discharge  is 
the  same  whenever  the  stream  is  at  a  given  stage,  and  hence  such 
changes  in  conditions  of  flow  as  may  have  occurred  during  the  period 
of  appUcation  are  either  compensating  or  negligible,  except  that  the 
rating  is  not  applicable  for  known  conditions  of  ice,  log  jams,  or  other 
similar  obstructions;  (c)  that  the  increased  and  decreased  discharge 
due  to  change  of  slope  on  rising  and  falling  stages  is  either  negligible 
or  compensating. 

As  already  stated,  the  gaging  stations  may  be  divided  into  several 
classes,  as  indicated  in  the  following  paragraphs : 

The  stations  of  class  1  represent  the  most  favorable  conditions  for 
an  accurate  rating  and  are  also  the  most  economical  to  maintain. 
The  bed  of  the  stream  is  usually  composed  of  rock  and  is  not  subject 
to  the  deposit  of  sediment  and  loose  material.  This  class  includes 
also  many  stations  located  in  a  pool  below  which  is  a  permanent 
rocky  vifRe  that  controls  the  flow  Uke  a  weir.  Provided  the  control 
is  sufficiently  high  and  close  to  the  gage  to  prevent  cut  and  fill  at  the 
gaging  point  from  materially  affecting  the  slope  of  the  water  surface, 
the  gage  height  will  for  all  practical  purposes  be  a  true  index  of  the 
discharge.     Discharge  measurements  made  at  such  stations  usually 
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plot  within  2  or  3*  per  cent  of  the  mean  discharge  curve,  and  the  rating 
developed  from  that  curve  represents  a  very  high  degree  of  accuracy. 
Stations  of  this  type  are  found  in  the  north  Atlantic  coast  drainage 
basins. 

Class  2  is  confined  mainly  to  stations  on  rough  mountainous 
streams  with  steep  slope.  The  beds  of  such  streams  are,  as  a  rule, 
comparatively  permanent  during  low  and  medium  stages,  and  when 
the  flow  is  sufficiently  well  defined  by  an  adequate  number  of  dis- 
charge measurements  before  and  after  each  flood  the  stations  of  this 
class  give  nearly  as  good  results  as  those  of  class  1.  As  it  is  seldom 
possible  to  make  measurements  covering  the  time  of  change  at  flood 
stage,  the  assimiption  is  often  made  that  the  curves  before  and  after 
the  flood  converged  to  a  common  point  at  the  highest  gage  height 
recorded  during  the  flood.  Hence  the  only  uncertain  period  occurs 
during  the  few  days  of  highest  gage  heights  covering  the  period  of 
actual  change  in  conditions  of  flow.  Stations  of  this  type  are  found 
in  the  upper  Missouri  River  drainage  basin. 

Class  3  includes  most  of  the  current-meter  gaging  stations  main- 
tained by  the  United  States  Geological  Survey.  If  suflScient  meas- 
urements could  be  made  at  stations  of  this  class  results  would  be 
obtained  nearly  equaling  those  of  class  1,  but  owing,  to  the  limited 
funds  at  the  disposal  of  the  Survey  this  is  manifestly  impossible, 
nor  is  it  necessary  for  the  uses  to  which  discharge  data  are  appUed. 
The  critical  points  are  as  a  rule  at  relatively  high  or  low  stages. 
The  percentage  error,  however,  is  greater  at  low  stages.  No  absolute 
rule  can  be  laid  down  for  stations  of  this  class.  Each  rating  curve 
must  be  constructed  mainly  on  the  basis  of  the  measurements  of  the 
current  year,  the  engineer  being  guided  largely  by  the  past  history 
of  the  station  and  the  following  general  law.  If  all  measurements 
ever  made  at  a  station  of  this  class  are  plotted  on  cross-section  paper, 
they  will  define  a  mean  curve  which  may  be  called  a  '^standard 
cm^e.''  It  has  been  found  in  practice  that  if  after  a  change  caused  by 
high  stage  a  relatively  constant  condition  of  flow  occurs  at  medium 
and  low  stages,  all  measurements  made  after  the  change  will  plot  on  a 
smooth  curve  which  is  practically  parallel  to  the  standard  curve 
with  respect  to  ordinates,  or  gage  heights.  This  law  of  the  parallel- 
ism of  ratings  is  the  fundamental  basis  of  all  ratings  and  estimates 
at  stations  with  semipermanent  and  shifting  channels.  It  is  not 
absolutely  correct,  but,  with  few  exceptions,  answers  all  the  practical 
requirements  of  estimates  made  at  low  and  medium  stages  after  a 
change  at  a  high  stage.  This  law  appears  to  hold  equally  true 
whether  the  change  occurs  at  the  measuring  section  or  at  some  con- 
trolling point  below.  The  change  is,  of  course,  fundamentally  due 
to  change  in  the  channel  caused  by  cut  or  fill,  or  both,  at  or  near 
the  measuring  section.     For  all  except  small  streams  the  changes  in 
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section  usually  occur  at  the  bottom.  The  following  sbnple  but  typical 
examples  illustrate  this  law : 

(a)  If  0.5  foot  of  planking  were  to  be  nailed  on  the  bottom  of  .a 
well-rated  wooden  flume  of  rectangular  section,  there  would  result, 
other  conditions  of  flow  being  equal,  new  curves  of  discharge,  area, 
and  velocity,  each  plotting  0.5  foot  above  the  original  curves  when 
referred  to  the  original  gage.  In  other  words,  this  condition  would 
be  analogous  to  a  uniform  fill  or  cut  in  a  river  channel  which  either 
reduces  or  increases  all  three  values  of  discharge,  area,  and  velocity 
for  any  given  gage  height.  In  practice,  however,  such  ideal  condi- 
tions rarely  exist. 

(6)  In  the  case  of  a  cut  or  fill  at  the  measuring  section  there  is  a 
marked  tendency  toward  decrease  or  increase,  respectively,  of  the 
velocity.  In  other  words,  the  velocity  has  a  compensating  effect, 
and  if  the  compensation  is  exact  at  all  stages  the  discharge  at  a  given 
stage  will  be  the  same  under  both  the  new  and  the  old  conditions. 

(c)  In  the  case  of  uniform  change  along  the  crest  of  a  weir  or 
rocky  control,  the  area  curve  will  remain  the  same  as  before  the 
change,  and  it  can  be  shown  that  here  again  the  change  in  velocity 
curve  is  such  that  it  will  produce  a  new  discharge  curve  essentially 
parallel  to  the  original  discharge  curve  with  respect  to  their  ordinates. 

Of  course,  in  actual  practice  such  simple  changes  of  section  do  not 
occur.  The  changes  are  compUcated  and  lack  uniformity,  a  cut  at 
one  place  being  largely  offset  by  a  fill  at  another,  and  vice  versa. 
If  these  changes  are  very  radical  and  involve  large  percentages  of 
the  total  area — as,  for  example,  on  small  streams — there  may  result 
a  wide  departure  from  the  law  of  paralleUsm  of  ratings.  In  com- 
plicated changes  of  section  the  corresponding  changes  in  velocity 
which  tend  to  produce  a  new  parallel  discharge  curve  may  interfere 
with  each  other  materially,  causing  eddies,  boils,  backwater,  and 
radical  changes  in  slope.  In  such  extreme  conditions,  however,  the 
measuring  section  would  more  properly  fall  under  class  4  and  would 
require  very  frequent  measurements  of  discharge.  Special  stress  is 
laid  on  the  fact  that,  in  the  lack  of  other  data  to  the  contrary,  the 
utilization  of  this  law  will  yield  the  most  probable  results. 

SUght  changes  at  low  or  medium  stages  of  an  oscillating  character 
are  usually  averaged  by  a  mean  curve  drawn  among  them  parallel 
to  the  standard  curve,  and  if  the  individual  measurements  do  not 
vary  more  than  5  per  cent  from  the  rating  curve  the  results  are 
considered  good  for  stations  of  this  class.  Stations  of  this  type  are 
found  in  the  south  Atlantic  coast  and  eastern  Gulf  of  Mexico  drainage 
basins. 

Class  4  comprises  stations  that  have  soft,  muddy,  or  sandy  beds. 
Good  results  can  be  obtained  from  such  sections  only  by  frequent 
discharge  measurements,  the  frequency  varying  from  a  measure- 


Digitized  by 


Google 


WESTERN  GULF   OF   MEXICO.  23 

ment  every  two  or  three  weeks  to  a  measurement  every  day,  accord- 
ing to  the  rate  of  diurnal  change  in  conditions  of  flow.  These 
measurements  are  plotted  and  a  mean  or  standard  curve  drawn 
among  them.  It  is  assumed  that  there  is  a  different  rating  curve 
for  every  day  of  the  year  and  that  this  rating  is  parallel  to  the  stand- 
ard curve  with  respect  to  their  ordinates.  On  the  day  of  a  measure- 
ment the  rating  curve  for  that  day  passes  through  that  measurement. 
For  days  between  successive  measurements  it  is  assumed  that  the 
Tate  of  change  is  uniform,  and  hence  the  ratings  for  the  intervening 
days  are  equally  spaced  between  the  ratings  passing  tlirough  the  two 
measurements.  This  method  must  be  modified  or  abandoned 
altogether  under  special  conditions.  Personal  judgment  and  a  knowl- 
edge of  the  conditions  involved  can  alone  dictate  the  course  to  pursue 
in  such  cases.  Stations  of  this  type  are  found  in  the  Platte,  Arkan- 
sas, Rio  Grande,  and  lower  Colorado  drainage  basins. 

The  computations  have,  as  a  rule,  been  carried  to  three  significant 
figures.  Computation  machines,  Crelle's  tables,  and  the  20-inch 
slide  rule  have  been  generally  used.  All  computations  are  carefully 
checked. 

After  the  computations  have  been  completed  they  are  entered 
in  tables  and  carefully  studied  and  intercompared  to  eliminate  or 
account  for  all  gross  errors  so  far  as  possible.  Missing  periods  are 
filled  in,  so  far  as  is  feasible,  by  means  of  comparison  with  adjacent 
streams.  The  attempt  is  made  to  complete  years  or  periods  of  dis- 
charge, thus  eliminating  fragmentary  and  disjointed  records.  Full 
notes  accompanying  such  estimates  follow  the  daily  and  monthly 
discharge  tables. 

For  most  of  the  northern  stations  estimates  have  been  made  of 
the  monthly  discharge  during  frozen  periods.  These  are  based  on 
measurements  under  ice  conditions  whenever  available,  daily  records 
of  temperature  and  precipitation  obtained  from  the  United  States 
Weatlier  Bureau,  climate  and  crop  reports,  observers'  notes  of  con- 
ditions, and  a  careful  and  thorough  intercomparison  of  results  with 
adjacent  streams.  Although  every  care  possible  is  used  in  making 
these  estimates,  they  are  often  very  rough,  the  data  for  some  of  them 
being  so  poor  that  the  estimates  are  Uable  to  as  much  as  25  to  50 
per  cent  error.  It  is  beUeved,  however,  that  estimates  of  this  char- 
acter are  better  than  none  at  all,  and  serve  the  purpose  of  indi- 
cating in  a  relative  way  the  proportionate  amount  of  flow  during 
the  frozen  period.  These  estimates  are,  as  a  rule,  included  in  the 
annual  discharge.  The  large  error  of  the  individual  months  has  a 
relatively  small  effect  on  the  annual  total,  and  it  is  for  many  pur- 
poses desirable  to  have  the  yearly  discharge  computed,  even  though 
some  error  is  involved  in  doing  so. 
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ACCURACY   AND   RELIABILITY  OF   FIELD   DATA    AND   COMPARATIVE 

RESULTS. 

Practically  all  discharge  measurements  made  under  fair  condi- 
tions are  well  witliin  5  per  cent  of  the  true  discharge  at  tlie  time  of 
observation.  Inasmuch  as  the  errors  of  meter  measurements  are 
largely  compensating,  the  mean  rating  curve,  when  well  defined,  is 
much  more  accurate  than  the  individual  measurements.  Numerous 
tests  and  experiments  have  been  made  to  test  the  accuracy  of  current- 
meter  work.  These  show  that  it  compares  very  favorably  with  the 
results  from  standard  weirs  and,  owing  to  simplicity  of  methods, 
usually  gives  results  that  are  much  more  reliable  than  those  from 
stations  at  dams,  where  uncertainty  regarding  the  coefficient  and 
complicated  conditions  of  flow  prevail. 

The  work  is,  of  course,  dependent  on  the  reliabiUty  of  the  observers. 
With  relatively  few  exceptions,  the  observers  perform  their  work 
honestly.  Care  is  taken,  however,  to  watch  them  closely  and  to 
inquire  into  any  discrepancies.  It  is,  of  course,  obvious  that  one 
gage  reading  a  day  does  not  always  give  the  mean  height  for  that 
day.  As  an  almost  invariable  rule,  however,  errors  from  this  source 
are  compensating  and  virtually  negligible  in  a  period  of  one  month, 
although  a  single  day^s  reading  may,  when  taken  by  itself,  be  con- 
siderably in  error. 

The  effort  is  made  to  visit  every  station  at  least  once  each  year 
for  the  purpose  of  making  a  measurement  to  determine  the  constancy 
of  conditions  of  flow  since  the  last  measurement  made  during  the 
preceding  year,  and  also  to  check  the  elevation  of  the  gage.  On 
account  of  lack  of  funds  or  for  other  causes  some  stations  were  not 
visited  during  the  current  year.  If  conditions  of  flow  have  been 
reasonably  permanent  up  to  the  time  of  the  last  preceding  meas- 
urement, it  is  considered  best  to  publish  values  of  discharge  on  the 
basis  of  the  latest  verified  rating  curve  rather  than  to  omit  them 
altogether,  although  it  should  be  distinctly  understood  that  such 
records  are  at  times  subject  to  considerable  error.  This  is  also 
true,  although  to  a  less  degree,  of  the  period  of  records  since  the 
date  of  the  last  measurement  of  the  current  year.  As  a  rule,  the 
accuracy  notes  are  based  on  the  assumption  that  the  rating  curve 
used  is  strictly  applicable  to  the  current  year. 

In  order  to  give  engineers  and  others  information  regarding  the 
probable  accuracy  of  the  computed  results,  footnotes  are  added  to  the 
daily  discharge  tables,  stating  the  probable  accuracy  of  the  rating 
tables  used,  and  an  accuracy  column  is  inserted  in  the  monthly  dis- 
charge table.  For  the  rating  tables  "well  defined"  indicates,  in  gen- 
eral, that  the  rating  is  probably  accurate  witliin  5  per  cent;  ''fairly 
well  defined,"  within  10  per  cent; ''  poorly  defined  "  or ''  approximate," 
within  15  to  25  per  cent.     These  notes  are  very  general  and  are  based 
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on  the  plotting  of  the  individual  measurements  with  reference  to  the 
mean  rating  curve. 

The  accuracy  column  in  the  monthly  discharge  table  does  not 
apply  to  the  maximum  or  minimum  nor  to  any  individual  day,  but  to 
the  monthly  mean.  It  is  based  on  the  accuracy  of  the  rating,  the 
probable  reliability  of  the  observer,  and  knowledge  of  local  conditions. 
In  this  column,  A  indicates  that  the  mean  monthly  flow  is  probably 
accurate  within  5  per  cent;  B,  within  10  per  cent;  C,  within  15  per 
cent;  D,  within  25  per  cent.  Special  conditions  are  covered  by  foot- 
notes. 

USE   OF  THE   DATA. 

In  general,  the  policy  is  followed  of  making  available  for  the  public 
the  base  data  which  are  collected  in  the  field  each  year  by  the  Survey 
engineers.  This  is  done  to  cotnply  with  the  law,  and  also  for  the 
express  purpose  of  giving  to  any  engineer  the  opportunity  of  examin- 
ing the  computed  residts  and  of  changing  and  adjusting  them  as  may 
seem  best  to  him.  Although  it  is  beUeved  that  the  rating  tables  and 
computed  monthly  discharges  are  as  good  as  the  base  data  up  to  and 
including  the  current  year  will  warrant,  it  should  always  be  borne  in 
mind  that  the  additional  data  collected  at  each  station  from  year  to 
year  nearly  always  tlirow  new  light  on  data  already  collected  and 
published,  and  hence  allow  more  or  less  improvement  in  the  computed 
results  of  earlier  years.  It  is  therefore  expected  that  the  engineer 
who  makes  serious  use  of  the  data  given  in  these  papers  will  verify 
all  ratings  and  make  such  adjustment%in  earlier  years  as  may  seem 
necessary.  The  work  of  compiling,  studying,  revising,  and  republish- 
ing data  for  different  drainage  basins  for  five  or  ten  year  periods  or 
more  is  carried  on  by  the  United  States  Geological  Survey  so  far  as 
the  funds  for  such  work  are  available. 

The  values  in  the  table  of  monthly  discharge  are  so  arranged  as  to 
give  only  a  general  idea  of  the  conditions  of  flow  at  the  station,  and  it 
is  not  expected  that  they  will  be  used  for  other  than  preliminary 
estimates. 

The  daily  discharges  are  published  to  allow  a  more  detailed  study 
of  the  variation  in  flow  and  to  determine  the  periods  of  deficient  flow. 

COOPERATIVE    DATA. 

Cooperative  data  of  various  kinds  and  data  regarding  the  nm-off 
at  many  stations  maintained  wholly  by  private  funds  are  incorporated 
in  the  surface  water-supply  reports  of  the  United  States  Geological 
Survey. 

Many  stations  throughout  the  country  are  maintained  for  specific 
purposes  by  private  parties  who  supply  the  records  gratuitously  to 
the  United  ^States  Geological  Survey  for  pubUcation.     When  such 
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records  are  supplied  by  responsible  parties  and  appear  to  be  reason- 
ably accurate,  they  are  verified,  so  far  as  possible,  and  estimated 
values  of  accuracy  are  given.  Records  clearly  known  to  be  wortliless 
or  misleading  are  not  published.  As  it  is,  however,  impossible  to 
completely  verify  all  such  records  furnished — because  of  lack  of  funds 
or  for  other  causes — they  are  published  for  what  they  are  worth,  as 
they  are  of  value  as  a  matter  of  record  and  afford  at  least  approximate 
information  regarding  stream  flow  at  the  particular  localities.  The 
Survey  does  not,  however,  assume  any  responsibility  for  inaccuracies 
found  in  such  records,  although  most  of  them  are  believed  to  be 
reasonably  good. 
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commissioner  on  the  part  of  Mexico;  and  W.  W.  FoUett,  consulting 
engineer  on  the  part  of  the  United  States. 

The  Territorial  engineer  of  New  Mexico,  Mr.  V.  L.  Sullivan,  who 
has  taken  great  interest  in  tliis  work  and  done  everytliing  possible 
to  promote  cooperation.  During  1909  the  Territory  spent  $2,500, 
which  was  set  aside  specifically  for  the  work  throughout  New  Mexico, 
in  addition  to  some  other  funds  of  the  Territorial  engineer's  office. 

The  State  engineer  of  Colorado,  Mr.  Charles  W.  Comstock,  who 
paid  tlie  salaries  of  the  obsftvers  and  the  expenses  of  the  hydro- 
graphers  at  a  number  of  stations  in  Colorado. 

The  Atchison,  Topeka  &  Santa  Fe  Railway  Co.,  which  donated 
$1,000  to  be  spent  in  New  Mexico  in  1909  by  the  Territorial  engineer 
in  cooperation  with  the  United  States  Geological  Survey. 

The  Farmers  Union  Irrigation  Co.,  which  paid  the  expense  of 
obtaining  a  record  on  the  Rio  Grande  at  the  Thirty  Mile  Bridge,  under 
the  direction  of  their  engineers. 

The  Rio  Mimbres  Irrigation  Co.,  which  donated  $250  toward  the 
installation  and  maintenance  of  an  automatic  gage  on  Mimbres 
River. 

The  United  States  Reclamation  Service,  whicli  furnished  the 
records  on  the  lower  Pecos  River  in  New  Mexico. 

The  United  States  Weatlicr  Bureau,  the  United  States  Forest 
Service,  and  many  engineers  and  companies. 
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assisted  by  J.  B.  Stewart,  G.  II.  Russell,  and  W.  H.  Sutton.  The 
New  Mexico  work  has  been  handled  under  the  more  immediate  direc- 
tion of  Vernon  L.  SulUvan,  Territorial  engineer,  assisted  by  C.  D. 
Miller  and  others. 

The  data  furnished  by  the  International  Water  Commission  were 
computed  under  the  direction  of  W.  W.  Follett  from  the  discharge 
measurements. 

The  data,  ratings,  and  special  studies  of  the  completed  data  of  the 
stations  maintained  by  the  United  States  Geological  Survey  were 
prepared  by  W.  B.  Freeman  and  R.  H.  Bolster.  The  computations 
and  the  preparation  of  tlie  completed  data  for  pubUcation  were  made 
by  G.  C.  Stevens,  R.  C.  Rice,  J.  G.  Mathers,  H.  D.  Padgett,  M.  I. 
Walters,  M.  E.  McChristio,  and  L.  T.  King. 

The  entire  report  was  edited  by  Mrs.  B.  D.  Wood. 

GAGING    STATIONS    MAINTAINED    IN    WESTERN    GULF 
OF  MEXICO  DRAINAGE  BASINS. 

The  following  list  comprises  the  gaging  stations  regularly  main- 
tained in  western  Gulf  of  Mexico  drainage  basins  by  the  United 
States  Geological  Survey  and  cooperative  parties.  Data  for  these 
stations  have  appeared  in  the  published  reports  as  shown  in  tables  on 
pages  8-10.  The  stations  are  arranged  by  river  basins,  appear  in 
downstream  order,  tributaries  of  main  streams  being  indicated  by 
indention.     (See  p .  11.) 

Sabine  River  near  Longview,  Tex.,  1904-1906. 
Sabine  River  at  Logansport,  La.,  1903-1906. 

-     Neches  River  at  Evadale,  Tex.,  1904-1906. 
Trinity  River  at  Dallas,  Tex.,  1903-1906. 
Trinity  River  at  Riverside,  Tex.,  1903-1906. 
Brazo8  River  at  Waco,  Tex.,  1898-1906. 
Brazos  River  at  Richmond,  Tex.,  1903-1906. 
Colorado  River  at  Austin,  Tex.,  1895-1906. 
Colorado  River  at  Columbus,  Tex.,  1902-1906. 

San  Saba  River  near  San  Saba,  Tex.,  1904-1906. 
Guadalupe  River  near  Cuero,  Tex.,  1903-1906. 
Rio  Grande: 

Rio  Grande  at  Thirtymile  Bridge,  near  Creede,  Colo.,  1909. 

Rio  Grande  near  Creede  (Wason),  Colo.,  1907-1909. 

Rio  Grande  near  Del  Norte,  Colo.,  1889-1909,  except  1907. 

Rio  Grande  near  Lobatos  (Cenicero),  Colo.,  1899-1909. 

Rio  Grande  near  Alamosa,  Colo.,  1894,  1895,  1903. 

Rio  Grande  near  Embudo,  N.  Mex.,  1889-1903. 

Rio  Grande  near  Buckman,  N.  Mex.  (Rio  Grande  near  Ran  Ildefonso),  1895-1905 
and  1909. 

Rio  Grande  near  San  Marcial,  N.  Mex.,  1895-1909. 

Rio  Grande  near  El  Paso,  Tex.,  1889-1893,  1897-1909. 

Rio  Grande  near  Fort  Hancock,  Tex.,  1900-1903. 

Rio  Grande  above  and  below  Presidio,  Tex.,  1900-1909. 
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Rio  Grande — Continued. 

Rio  Grande  near  Langtry,  Tex.,  1900-1909. 

Rio  Grande  near  Devils  River  (below  mouth),  Tex.,  1900-1909. 

Rio  Grande  near  Eagle  Pass,  Tex.,  1900-1909. 

Rio  Grande  near  Nuevo  Laredo,  Tamaulipas,  Mexico,  1900-1903. 

Rio  Grande  near  Laredo,  Tex.,  1903-1909. 

Rio  Grande  near  Roma,  Tex.,  1900-1909. 

Rio  Grande  near  Brownsville,  Tex.,  1900-1909. 

Conejos  River  near  Mogote,  Colo.,  1899,  1900,  1903-1909. 
Chama  River  near  Abiquia,  N.  Mex.,  1895-1897. 
Santa  Fe  Creek  at  Santa  Fe,  N.  Mex.,  1907-1909. 
Mimbres  River  near  Faywood,  N.  Mex.,  1908-1909. 

Cameron  Creek  at  Fort  Bayard,  N.  Mex.,  1907-1909. 
Stephens  Creek  at  Fort  Bayard,  N.  Mex.,  1907-1909. 
Pecas  River  at  Santa  Rosa,  N.  Mex.,  1903-1906. 
Pecos  River  near  Fort  Sumner,  N.  Mex.,  1904-1909. 
Pecos  River  near  Roswell,  N.  Mex.,  1903-1906. 
Pecos  River  near  Dayton,  N.  Mex.,  1905-1909. 
Pecos  River  near  Lakewood,  N.  Mex.,  190^-1909. 
Pecos  River  at  Avalon,  N.  Mex.,  1906-1907. 
Pecos  River  at  Carlsbad,  N.  Mex.,  1903-1908. 
Pecas  River  near  Pecos,  Tex.,  1898-1907. 

Marguerreta  flume  near  Pecos,  Tex.,  1898,  1900-1908. 
Pecos  River  near  Moorhead,  Tex.,  1900-1909. 
Pecos  River  at  High  Bridge,  near  Lozier,  Tex.,  1898. 
Gallinas  River  near  Las  Vegas,  N.  Mex.,  1903-1909. 
Taylor  Moore  ditch  near  Roswell,  N.  Mex.,  1905. 
Hondo  River  below  Hondo  reservoir,  N.  Mex.,  1903-1906. 
Hondo  reservoir  inlet  near  Hondo  reservoir,  N.  Mex.,  1900-1908. 
Hondo  reservoir  scour  gage  No.  1  near  Hondo  reservoir,  N.  Mex.,  1906. 
Hondo  River  near  Roswell,  N.  Mex.,  1903-1906. 
Penasco  River  near  Dayton,  N.  Mex.,  1905-1908. 
lake  McMillan  at  Lakewood,  N.  Mex.,  1906-1907  and  1909. 
Devils  River  near  Devils  River,  Tex.,  1900-1909. 
Rio  Salado  at  Guerrero,  Tamaulipas,  Mexico,  1900-1909. 
Rio  San  Juan  at  La  Quemada,  Tamaulipas,  Mexico,  1900-1902. 
Rio  San  Juan  at  Santa  Rosalia  Ranch,  Tamaulipas,  Mexico,  1902-1909. 

RIO   GRANDE  DRAINAGE  BASIN. 
GENERAL  FEATXJBES. 

The  Rio  Grande  basin  is  a  long,  narrow  strip  of  country  extending 
from  the  southern  part  of  Colorado  southeastward  to  the  Gulf  of 
Mexico.  The  perennial  supply  of  water  for  the  upper  third  of  this 
basin  comes  principally  from  a  comparatively  small  aoea  of  about 
2,000  square  miles  of  lofty  mountains  in  Colorado  and  ;the  extreme 
northern  part  of  New  Mexico.  The  Conchos  enters  the  river  from 
the  Mexican  side  some  200  miles  below  El  Paso  and  brings  a  good 
perennial  flow  as  well  as  enormous  floods  in  the  summer  and  fall. 
Pecos  and  Devils  rivers  and  springs  also  substantially  augment  the 
perennial  supply,  and  other  tributaries  frequently  furnish  flood 
discharges,  so  that  the  *4ower  river  ^'  is  not  dependent  on  themoun* 
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tain  area  for  its  perennial  flow.  The  flood  season  above  the  Conchos 
is  May  and  June;  below  it  is  August  and  September.  Frequently 
the  river  is  dry  at  El  Paso  when  the  lower  river  country  is  inundated. 
In  addition  to  the  areas  contributing  a  perennial  supply  of  water  and 
a  spasmodic  supply,  a  vast  area  of  '4ost  river''  basins  which  supply 
no  water  at  any  time,  may,  from  topographic  considerations,  be 
included  within  this  great  catchment  basin. 

The  Rio  Grande  rises  in  the  mountainous  area  to  the  south  and 
east  of  the  Continental  Divide  in  southwestern  Colorado,  flows  east- 
ward for  a  time  as  a  mountain  stream,  and  enters  the  San  Luis 
Valley  about  80  miles  below  its  source.  In  this  valley  it  receives 
from  the  north  the  waters  of  Saguache  and  San  Luis  rivers,  by  seep- 
age, if  at  all;  from  the  west,  near  the  lower  end  of  the  valley.  Alamos, 
La  Jara,  and  Conejos  rivers;  and  from  the  east  the  Trinchera,  Culebra, 
and  Rio  Costilla.  About  4  miles  north  of  the  Colorado  State  line 
it  enters  a  long  canyon  locally  known  as  the  Rio  Grande  Canyon. 
From  the  east  there  enter  this  canyon  two  tributaries,  Red  River 
and  Rio  Hondo. 

The  general  slope  of  the  valley  is  stfll  toward  the  south,  the  river 
descending,  however,  more  rapidly  than  the  surface  of  the  country. 
This  canyon  is  300  or  400  feet  deep  in  places,  appearing  from  above  as 
a  gash  in  an  otherwise  level  mesa.  Its  south  end  is  3  miles  above 
Embudo,  N.  Mex.,  where  the  walls  open  and  the  river  enters  the 
Espanola  Valley.  While  in  the  valley  above  Embudo  the  river 
receives  from  the  east  Taos  River,  Embudo  Creek,  and  other  small 
streams,  and  in  the  Espanola  Valley  it  is  increased  by  the  Chama, 
flowing  in  from  the  west,  and  by  a  number  of  streams  from  the  east. 

At  the  lower  end  of  Espanola  Valley  the  river  passes  through 
White  Rock  Canyon,  a  gorge  in  a  range  of  hills  stretching  from  the 
Jemez  to  the  Santa  Fe  Mountains.  From  Pena  Blanca,  near  the 
lower  end  of  this  canyon,  nearly  to  Socorro,  the  river  flows  in  a  valley 
from  1  to  3  miles  wide,  bounded  on  each  side  by  mesas  from  300  to 
600  feet  above  the  river.  About  20  miles  below  Pena  Blanca  the 
Jemez  enters  from  the  west,  and  60  miles  or  more  below  Albuquerque 
the  Puerco  comes  in  from  the  same  side.  The  latter  is  a  torrential 
stream  with  no  perennial  flow.  Below  these  streams  the  Rio  Grande 
has  no  tributaries  of  note  until  the  Pecos  comes  in  about  400  miles 
by  river  below  El  Paso. 

At  and  below  Socorro  the  valley  contracts  until  it  becomes  too 
narrow  for  agriculture,  but  from  San  Antonio  to  San  Marcial  its 
width  ranges  from  1  to  2  miles.  Below  San  Marcial  the  river  swings 
to  the  west  around  the  Cristobal  and  Caballos  mountains,  which  lie 
along  the  west  edge  of  the  Jornada  del  Muerto,  the  valley  from  San 
Marcial  to  Rincon  being  narrow,  low,  and  marshy.  At  Rincon  the 
river  enters  a  canyon  which  extends  to  Fort  Selden,  a  distance  of  15 
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miles.  The  Mesilla  Valley,  the  most  fertile  valley  in  New  Mexico, 
begins  below  Fort  Selden  and  extends  to  the  pass  above  El  Paso,  a 
distance  of  over  50  miles.  Above  El  Paso  the  banks  of  the  river 
again  assume  the  canyon-Uke  character  for  3  miles,  and  the  river 
passing  this  enters  the  Ysleta  Valley,  now  commonly  called  the  El 
Paso  Valley. 

The  canyons  above  these  valleys  are  not  cut  into  hard,  indurated 
rocks,  but  are  bordered  in  many  places  by  steep  walls  of  compara- 
tively soft,  friable  sandstones,  alternating  with  conglomerates  or 
beds  of  clay,  the  whole  series  in  the  northern  part  of  New  Mexico,  at 
least,  being  capped  by  a  vesicular  lava.  The  fall  through  these 
canyons  being  great,  the  down-cutting  is  rapid,  and  thus  the  waters 
are  supplied  constantly  with  fresh  detritus,  part  of  which  is  deposited 
in  turn  in  the  valley  below. 

From  El  Paso  to  the  Gulf  the  river  forms  the  boundary  between 
Mexico  and  the  United  States. 

From  source  to  mouth  the  Rio  Grande  is  nearly  2,000  miles  long, 
and  its  drainage  area  comprises  about  248,000  square  miles. 

Many  national  forests  have  been  established  on  the  headwaters  of 
the  Rio  Grande  and  its  tributaries,  both  in  Colorado  and  New  Mexico. 
The  drainage  basin  of  the  Rio  Grande,  exclusive  of  the  Pecos,  includes 
between  5,000  and  6,000  square  miles  of  merchantable-timber  land, 
6,000  s([uare  miles  of  woodland  and  sparsely  timbered  land,  and  2,000 
square  miles  of  burned  and  cut-over  land,  the  remainder  being  sage- 
brush and  open  land. 

The  largest  tributaries  are  the  Conchos,  which  enters  from  the 
Mexico  side,  200  miles  below  El  Paso;  the  Conejos,  which  joins  the 
Rio  Grande  just  above  the  Colorado-New  Mexico  line;  the  Chama, 
which  enters  it  in  the  Espanola  Valley;  the  Pecos,  which  joins  it  in 
the  southwestern  part  of  Texas;  and  Devils  River,  about  50  miles 
below  the  Pecos.  Most  of  the  remaining  tributaries  are  intermittent 
in  character. 

The  mountains  at  the  headwaters  reach  altitudes  up  to  14,000  feet 
above  sea  level.  At  Albuquerque,  N.  Mex.,  the  elevation  of  the 
river  is  5,000  feet  and  it  leaves  the  Territory  at  an  elevation  of  about 
4,000  feet. 

The  rainfall  varies  greatly  from  year  to  year  and  from  source  to 
mouth,  its  irregularity  making  it  very  difficult  to  give  averages. 
The  annual  precipitation  in  the  mountainous  district  of  Colorado — 
that  is,  along  the  upper  Rio  Grande — ranges  from  15  to  25  inches. 
In  the  northern  part  of  New  Mexico  it  ranges  from  10  to  15  inches 
and  in  the  southern  part  from  5  to  12  inches. 

In  the  mountains  of  Colorado  the  river  is  covered  with  a  foot  or 
more  of  ice  from  early  in  the  winter  until  late  in  the  spring.  During 
severe  winters  the  river  is  frozen  over  at  times  in  northern  New  Mexico, 


•Digitized  by 


Google 


o 
o 


o 
o 

X 

UJ 

s 

u 

z 


(3 
O 


Digitized  by 


Google 


Digitized  by 


Google 


U.  8.  OEOLOOICAL   SURVEY  WATER-SUPPLY   PAPER   2^8      PLATE   IV 


A.    THE  LARGEST  CONCRETE  DROP  IN  MAIN  RIO  GRANDE  CANAL.  RIO  GRANDE  PROJECT, 

NEW  MEXICO. 


B.     CONCRETE  FLUME  ACROSS  PECOS  RIVER.  CARLSBAD  PROJECT,  NEW  MEXICO. 
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and  the  snowfall  is  often  very  heavy.     From  the  melting  of  the  snows 
in  Colorado  and  New  Mexico  comes  the  spring  floods. 

Irrigation  is  now  practiced  extensively  in  the  following  valleys 
along  the  Rio  Grande  and  its  smaller  tributaries: 

1.  San  Luis  VaUey,  beginning  a  short  distance  above  Del  Norte 
and  extending  to  the  mouth  of  Conejos  River.  This  district  contains 
probably  the  largest  cultivated  area  along  the  Rio  Grande,  aggre- 
gating nearly  half  a  miUion  acres. 

2.  Valleys  of  the  Taos  district,  lying  on  the  east  side  of  the  river  below 
the  Colorado  Une  and  including  the  valleys  of  Red  River,  Arroyo 
Hondo,  and  Taos.  The  Taos  Valley  surpasses  the  others  both  in 
water  facilities  and  in  area  cultivated. 

3.  Espanola  VaUey,  located  south  of  the  Taos  district  and  Tres 
Piedras  Mesa.  It  Kes  along  the  river,  and,  as  in  the  Taos  country, 
agriculture  has  been  engaged  in  for  years. 

4.  Albuquerque  district,  including  the  valley  from  Pena  Blanco  to 
San  Marcial.  The  system  of  irrigation  is  practically  the  same  as  the 
old  Pueblo  Indian  system.  In  the  last  few  years,  however,  new  set- 
tlers have  adopted  progressive  methods  and  have  greatly  increased 
the  duty  of  water. 

5.  MesiUa  Valley ,  next  to  San  Luis,  is  the  most  important  agricul- 
tural area  along  the  Rio  Grande.  The  valley  broadens  just  below 
Selden  and  continues  generally  broad  and  fertile  for  a  distance  of 
35  miles  or  beyond  the  Texas  line.  A  view  of  the  Leasburg  diversion 
dam  of  the  United  States  Reclamation  Service's  Rio  Grande  project 
is  presented  in  Plate  III.  The  main  canal  of  the  same  project  is 
shown  in  Plate  IV,  A, 

Along  the  Rio  Grande  and  its  tributaries  in  Colorado  and  New  Mexico 
are  available  reservoir  sites  equal  to  storing  of  all  flood  waters.  The 
largest  reservoir  in  the  country  is  about  to  be  built  near  Engle, 
N.  Mex.  It  will  impound  2,500,000  acre-feet  of  water  for  the  irriga- 
tion of  nearly  200,000  acres  of  land  in  New  Mexico,  Texas,  and 
Mexico. 

The  estimated  power  available  on  the  Rio  Grande  and  its  tribu- 
taries, from  its  source  to  El  Paso,  Tex.,  is  theoretically  as  follows: 

Minimum  horsepower 123, 500 

Minimum  horsepower,  six  high  months. 241, 000 

Horsepower  from  storage,  six  months  period 405»  000 

Developments  will,  however,  be  made  chiefly  on  the  upper  tribu- 
taries in  Colorado  and  a  few  of  the  mountain  streams  in  New  Mexico,* 
and  will  not  amount  to  more  than  100,000  horsepower.  At  present 
very  few  water-power  plants  of  any  importance  are  operated  in  the 
drainage  basin.  The  waters  of  the  Rio  Grande  have  been  used  only 
for  irrigation  and  domestic  purposes,  but  some  of  the  tributaries  have 
also  been  used  in  mining. 
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The  wettest  years  on  the  upper  Rio  Grande  appear  to  be  1906  and 
1907;  1902  and  1908  are  low-water  years. 

The  determination  of  the  amount  of  water  in  the  Rio  Grande  is  of 
importance,  both  on  account  of  its  use  in  irrigation  and  from  its 
bearing  upon  interstate  and  international  distribution  of  water. 
Most  of  the  New  Mexico  and  all  of  the  Texas  stations  down  to  Eagle 
Pass  are  maintained  by  the  United  States  section  of  the  International 
Boundary  Commission.  The  data  used  for  the  following  stations 
have  been  collected  by  W.  W.  Follett,  consulting  engineer  for  the 
commission,  and  have  been  furnished  through  the  courtesy  of  Gen. 
Anson  Mills,  commissioner: 

Rio  Grande  near  San  Marcial,  N.  Mex. 

Rio  Grande  near  El  Paao,  Tex. 

Rio  Grande  above  Presidio,  Tex. 

Rio  Grande  below  Presidio,  Tex. 

Rio  Grande  near  Langtry,  Tex. 

Rio  Grande  at  Eagle  Pass,  Tex. 

Pecos  River  near'Moorhead,  Tex. 

Devils  River  near  Devils  River  Station,  Tex. 

On  account  of  the  shifting  character  of  the  river  beds  at  the  inter- 
national water  stations,  no  rating  tables  have  been  prepared.  The 
estimated  monthly  discharges  are  from  daily  discharges  computed 
by  Mr.  Follett  directly  from  the  discharge  measurements. 

The  five  stations  from  Laredo  down  (Laredo,  Roma,  Brownsville, 
Salado  near  Guerrero,  and  San  Juan  at  Santa  RosaUa  ranch)  are 
maintained  by  the  Mexican  section  of  the  commission. 

BIO   GBANDE   PBOPEB. 

RIO  GRANDE   AT  THIETYMILE   BRIDGE,   NEAR  GREEDE,   COLO. 

This  station,  which  was  established  June  18,  1909,  is  about  30  miles 
west  of  Creede,  Colo.,  and  about  200  feet  above  the  mouth  of  Big 
Squaw  Creek  at  an  elevation  of  about  9,200  feet  above  sea  level. 

No  water  is  diverted  above  the  station  and  none  of  any  importance 
for  many  miles  below  except  a  little  water  used  for  meadow  irrigation. 
The  station  is  about  one-half  mile  downstream  from  the  proposed 
reservoir  of  the  Farmers  Union  Irrigation  Company,  which  will  store 
flood  water  to  be  used  in  the  irrigation  of  land  in  the  valley  70  miles 
downstream.  The  records  at  this  station  have  been  taken  at  the 
expense  of  the  company  by  their  engineers  under  the  general  direc- 
tion of  the  United  States  Geological  Survey. 

The  chain  gage,  the  datum  of  which  has  remained  constant,  is  on 
the  right  bank  200  feet  upstream  from  the  Thirtymile  Bridge,  and 
discharge  measurements  have  been  made  from  a  cable  30  yards  below 
the  gage. 

This  stream  is  frozen  over  for  a  number  of  months  each  year  and 
there  is  also  a  large  snowfall  in  that  locality. 
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Discharge  meamrements  of  Rio  Grande  at  Thvrtymile  Bridge,  near  Creede,  Colo.,  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Oage 
hei^t. 

Dis- 
charge. 

June  19 

Fea. 
60 
50 
58 
67 
56 
55 
55 
54 
52 
52 
51 
62 
63 
61 
49 
48 
60 

232 
222 
196 
195 
191 
104 
150 
135 
121 
111 
119 
156 
117 
100 
96 
105 

Feet. 
5.90 
5.60 
5.30 
6.05 
4.90 
4.78 
4.75 
4.12 
3.70 
3.48 
3.20 
3.45 
4.12 
3.38 
3.00 
2.90 
3.12 

Sec.-ft. 

1,440 

1,220 

1,060 

910 

June  21 

O.  P.  Pennook 

June  24... 

.    do 

June  26 

do 

June  29 

do 

880 

June  30 

do 

806 

July  4 

do 

840 

Julys 

.....do 

494 

July  11 

do 

366 

Julv  15. 

Pennock  and  Vandemoer 

315 

July  18 

do 

241 

July  21 

do 

303 

July  22 

do 

631 

July  29 

do 

286 

August  8  a 

do 

205 

August  10 

do 

179 

August  25. ,  .  , 

...do 

260 

a  Measurement  not  satisfaotory,  meter  not  working  well. 
Daily  gage  heighty  in  feet,  of  Rio  Grande  at  ThirtymiU  Bridge,  near  CreedCy  Colo.,  for  1909. 

[O.  P.  Pennook,  observer.)     • 


Day. 

June. 

July. 

Aug. 

Sept. 

Day. 

June. 

July. 

Aug. 

Sept. 

1 

4.7 

4.56 

4.55 

4.7 

4.85 

.4.6 
4.4 
4.16 
4.1 
3.86 

3.8 
3.7 
3.6 
3.5 
3.45 

3.16 

3.25 

3.1 

3.2 

3.1 

3.2 

3.06 

3.0 

3.0 

2.9 

3.2 

3.25 

3.15 

3.1 

3.05 

3.5 
3.4 
3.4 
3.6 
6.16 

6.76 

6.2 

4.8 

4.5 

4.3 

4.2 

4.4 

4.2 

4.06 

3.9 

16 

3.36 

3.3 

3.25 

3.2 

8.2 

8.65 

4.3 

3.6 

3.85 

3.56 

3.8 

3.0 

3.56 

3.4 

3.3 

3.2 

3.4 
3.1 
3.1 
3.2 
3.6 

8.4 

3.3 

3.35 

3.25 

3.16 

3.16 

3.3 

3.2 

3:6 

3.5 

3.5 

3.8 

2 

17     

3.7 

3 

18 

6.2 
6.9 
6.66 

6.5 

3.6 

4...::..::::::::  ::  :  : 

19 

3.6 

6 

20     . 

8.46 

6 

21 

3.35 

7 

22 

3.26 

8 

23 

3.2 

9:::::::::::::::::::::: 

24 

5.3 
6.16 

6.06 

4.0 

4.0 

5.0 

4.8 

3.16 

10 

25 

3.1 

11 

26 

3.06 

12 

27 

3.0 

13 

28 

2.9 

14 

29 

2.85 

15...: 

30     . 

2.86 

1 

31 

Daily  discharge,  in  second-feet,  of  Rio  Grande  at  ThirtymiU  Bridge,  near  Creede,  Colo., 

for  1909. 


Day. 

June. 

July. 

Aug. 

Sept. 

Day. 

June. 

July. 

Aug. 

Sept. 

1 

788 
717 
717 
788 
861 

740 
648 
510 
620 
426 

409 
376 
345 
316 
302 

230 
252 
220 
241 
220 

241 
210 
201 
201 
184 

241 
252 
230 
220 
210 

316 
280 
289 
346 
1,610 

1,360 

1,040 

836 

694 

604 

561 
648 
561 
500 
444 

16 

276 
264 
.    252 
241 
241 

330 
604 
345 
426 
330 

409 
444 
330 
289 
264 
241 

289 
220 
220 
241 
345 

289 
264 
276 
252 
230 

230 
264 
241 
345 
316 
316 

409 

2 

17 

376 

3 

18 

1,640 
1,450 
1,300 

1,210 

0  1, 170 

a  1,130 

1,100 

1,010 

962 
886 
886 
936 
836 

345 

4  

19 

316 

5 

20 

302 

6.    .   . 

21 

276 

7 

22 

252 

8 

23 

241 

9 

24 

230 

10 

25 

220 

11 

26 

210 

12 

27 

201 

13 1  

28 

184 

14 

29 

176 

15 

30 

176 

31 

a  Interpolated. 

NoTE.—Theee  discharges  are  based  on  a  rating  curve  that  is  well  defined  between  160  and  1^10 
seoond-feet. 
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Monthly  discharge  of  Rio  Grande  River  at  Thvrtymile  Bridge,  near  Creede,  Colo.,  for  1909. 


Month. 


Discharge  in  seoond-feet. 


Maximum.   Minimum.      Mean. 


Run-off 
(total  in 
aciB-fBet). 


Accu- 
racy. 


June  (18-W) 

July 

August 

September. . 


1,640 
861 
345 

1,610 


836 
241 
184 
176 


1,130 
444 
248 
467 


28,900 
27,300 
15,200 
27,800 


BIO  GRANDE   NEAR   GREEDE,    COLO. 

The  station,  which  was  established  April  24,  1907,  to  obtain  infor- 
mation concerning  the  quantity  of  run-off  of  the  upper  Rio  Grande 
available  for  storage,  is  located  at  the  three-span  highway  bridge 
one-quarter  mile  south  of  Wason  siding,  on  the  Creede  branch  of  the 
Denver  &  Rio  Grande  Railroad,  about  3  miles  from  Creede,  the 
terminus  of  the  line,  and  is  a  few  miles  above  the  site  of  a  proposed 
dam  and  reservoir.  The  chain  gage  is  fastened  to  the  downstream 
side  of  left  span,  and  discharge  measurements  are  also  made  from 
the  same  side. 

Willow  Creek  (or  Goblin  Creek)  enters  the  river  a  short  distance 
upstream  from  Wason,  and  Goose  Creek  comes  in  at  Wagon-wheel 
Gap,  about  5  miles  below.  The  drainage  area  above  the  station  is 
about  700  square  miles. 

Except  for  a  Uttle  meadow  irrigation,  no  water  is  diverted  above 
this  station.  Two  or  three  reservoirs  are  about  to  be  constructed  on 
the  upper  waters  of  the  Rio  Grande  and  its  tributaries  above  Wason. 
Among  others  may  be  mentioned  the  Farmers'  Union  Irrigation 
Co.'s  reservoir  on  the  main  stream,  about  35  miles  above.  The 
proposed  reservoir  near  Wason  will  have  a  capacity  almost  equal 
to  the  normal  annual  flow  of  the  river. 

The  winters  are  long  and  very  severe  in  this  locaUty,  and  the 
stream  has  a  heavy  ice  cover  for  several  months.  The  bridge  piers 
cause  eddies,  which  materially  affect  the  accuracy  of  measurements. 
The  river  channel  is  rough  and  the  velocity  high  at  flood  stages,  so 
that  results  obtained  at  this  station  are  only  fair. 

The  datum  of  the  gage  has  not  been  changed  since  the  station  was 
established. 

A  view  of  the  river  at  this  station  is  shown  in  Plate  V,  A, 

Discharge  meamrements  of  Rio  Grande  near  Creede,  Colo.,  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

heJ^t. 

Dis- 
charge. 

May  18 

W.  B.  Freeman 

Feet. 
116 
116 
116 
107 
106 
65 

647 
537 
238 
243 
146 

Feet. 
3.39 
3.90 
4.13 
1.22 
1.05 
.88 

Sec.-fi. 
2  800 

June  17 

do 

3,260 

3,400 

588 

June  20 

do 

Aug.  6 

O.H.Russell 

Oct.  6 

do 

546 

Dec.  10a 

do s. 

288 

a  Made  by  wading;  ice  along  edges. 
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A.     RIO  GRANDE  NEAR  CREEDE,  COLO. 


B.     CONEJOS  RIVER  NEAR  MOGOTE.  COLO. 
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Daily  gage  heighty  in  feet,  of  Rio  Grande  near  Creede,  Colo,  y  for  1909. 
[Henry  H.  Wason,  observer.l 


Day. 

Apr. 

Mmy. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

1.45 

1.65 

1.7 

1.96 

2.6 

2.85 
3.05 
3.15 
3.0 
2.95 

2.95 
2.75 
3.0 
3.0 
3.1 

3.15 
3.3 
3.55 
3.55 
•  3.6 

3.65 

3.15 

2.85 

2.7 

2.9 

2.85 
3.35 
3.6 
3.45 
2.9 

2.45 

3.0 

4.15 

6.15 

6.65 

6.75 
4.95 
4.95 
4.8 
4.6 

4.5 
4.5 
4.5 
4.0 
4.3 

4.45 

4.25 

4.35 

4.2 

4.15 

3.95 

3.7 

3.65 

3.4 

3.25 

3.25 

■'2' 85* 
2.85 
2.75 

2.7 

2.6 

2.65 

2.55 

2.95 

2.75 
2.46 
2.2 
2.05 
1.95 

1.85 
1.65 
1.66 
1.5 
1.45 

1.35 
1.25 
1.25 
1.25 
1.25 

1.85 

2.35 

2.4 

2.25 

1.7 

1.7 

1.75 

1.65 

1.45 

1.36 

1.26 

1.15 
1.35 
1.25 
1.25 
1.25 

1.25 
1.2 
1.15 
1.15 
1.35 

1.25 

1.25 

1.25 

1.2 

1.25 

1.3 

1.2 

1.2 

1.25 

1.35 

1.4 

1.25 

1.35 

1.35 

1.25 

1.15 
1.15 
1.45 
1.45 
1.45 
1.35 

1.35 

1.36 

1.6 

1.65 

2.85 

3.95 

3.65 

3.7 

3.7 

3.05 

2.75 

2.6 

2.25 

2.25 

2.05 

1.9 

1.8 
1.65 
1.55 
1.55 

1.45 
1  35 
1.35 
1.35 
1.25 

1.15 
1.05 
1.05 
1.05 
1.05 

0.95 

.95 

.95 

1.0 

1.05 

1.05 
1.0 
1.0 
l.O 
1.0 

1.0 
.95 
.95 
.-9 
.95 

.95 
.95 
.95 

'.86 
.8 

0.86 

2 

0.25 
.25 
.25 
.25 

.35 
.35 
.35 
.55 
.55 

.55 

.55 

.55 

.7 

.75 

.75 
.75 
.75 
2.35 
2,15 

1.7 
1.4 
1.5 
1.5 

.86 

3 

.86 

4 

.9 

5 

.86 

6 

.8 

7 

.85 

8   

86 

9 

.8 

10 

.8 

11 

.8 

12 

.76 

13 

.75 

14 

.7 

15 

.6 

16 

.6 

17  

.56 

18 

.5 

19 ; . . 

.6 

20 

.6 

21  

.4 

22 

.4 

23   

.4 

24 

.3 

26   

.3 

26 

.3 

27   

1.45 
1.75 
1.65 
1.45 

28 

.2 

29 

.2 

30 

31  

Note.— Ice  conditions  during  December. 

Daily  discharge y  in  second-feet,  of  Rio  Grande  near  Creede,  Colo.,  for  1909. 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov.  ^ 

1 

a  161 
161 
161 
161 
161 

190 
190 
190 
260 
260 

260 
260 
260 
320 
342 

342 

342 

342 

1,500 

1,300 

920 
710 
775 
775 
a  764 

a  753 
742 
960 
882 
742 

742 

882 

920 

:  1,120 

1,660 

2,060 
2,300 
2,420 
2,240 
2,180 

2,180 
1,940 
2,240 
2,240 
2,360 

2,420 
2,620 
2,950 
2,950 
3,020 

3,080 
2,420 
2,060 
1,880 
2,120 

2,060 
2,680 
3,020 
2,810 
2,120 
ol,860 

1,610 
2.240 
3,770 
5.290 
6,090 

6,250 
4,970 
4,970 
4,740 
4,430 

4.280 
4,280 
4,280 
3,560 
3,980 

4,200 
3,910 
4,060 
3,840 
3,770 

3,490 
3,150 
3,080 
2,740 
2,550 

2,550 
a  2. 300 
2,060 
2.060 
1,940 

1,880 
1,770 
1,820 
1,720 
2,180 

1.940 
1,610 
1,350 
1,210 
1,120 

1,040 
882 
882 
775 
742 

678 
615 
615 
615 
615 

1,040 
1,500 
1,560 
1,400 
920 

920 
960 
882 
742 
678 
615 

666 
678 
615 
615 
615 

615 
585 
555 
555 
678 

615 
615 
615 
585 
615 

645 
585 
585 
615 

678 

710 
615 
678 
678 
615 

565 
555 
742 
742 
742 
678 

678 
678 
775 
882 
2,060 

3.490 
3.080 
3,150 
3,150 
2,300 

1,940 
1,770 
1,400 
1,400 
1,210 

1,080 
1,000 
882 
810 
810 
742 
678 
678 
678 
615 

555 
498 
498 
498 
498 

442 
442 
442 
470 
498 

498 
470 
470 
470 
470 

470 
442 
442 
415 
442 

442 
442 
442 
415 
415 

415 
415 
415 
•  415 
415 

415 
415 
415 
390 
365 
a  378 

390 

2 

390 

3 

390 

4 : 

415 

6 

390 

6.... 

365 

7 

390 

8 

390 

9 

365 

10 

365 

11  

365 

12 

342 

13 

342 

14 

320 

15 

280 

16 

280 

17 

260 

18 

240 

19 

240 

20 

240 

21 

205 

22 

205 

23 

205 

24 

175 

26 

176 

26 

175 

27 

a  161 

28 

147 

29 

147 

30 

•  147 

81 

a  Interpolated. 
Note.— Tbese  discharges  are  based  on  a  rating  curve  that  is  well  defined  below  2,880  second-feet. 
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Monthly  discharge  of  Rio  Grande  near  Creede,  Colo.,  for  1909. 


Month. 

Discharge  in  second-feet. 

Run-off 
(total  in 
acre-feet). 

Accu- 

Maximum. 

Mhiimum. 

Mean. 

racy. 

Aoril 

1,500 

3,080 

6,250 

2,180 

742 

3.490 

498 

415 

161 
742 
1,610 
615 
655 
498 
365 
147 

506 
2,180 
3,680 
1,140 

630 
1,280 

435 

283 

30,100 
134.000 
219,000 
70,100 
38,700 
76,200 
26,700 
16,800 

A. 

MSy!.:::::::::::::: 

A. 

June 

B.    . 

July 

A. 

August  

A. 

September 

A. 

October  

A. 

November 

A. 

The  period 

612,000 

1 

RIO   GRANDE    NEAR   DEL    NORTE,  COLO. 

This  station,  which  was  estabUshed  in  the  fall  of  1889,  was  orig- 
inally located  about  2  miles  above  Del  Norte,  and  records  were  taken 
more  or  less  continuously  until  May  16,  1908,  when  a  new  station 
was  established  at  the  new  state  highway  bridge  about  6  miles  above 
Del  Norte,  near  the  upper  edge  of  the  San  Luis  Valley.  Some  inflow 
takes  place  between  the  two  points  at  certain  seasons  of  the  year, 
so  that  the  mean  annual  flow  at  the  state  bridge  is  somewhat  less 
than  that  at  the  old  station. 

As  the  station  is  above  all  the  important  diversions,  the  records 
show  the  amount  of  water  available  for  irrigation  and  also  the 
run-off  from  a  drainage  area  of  1 ,400  square  miles. 

The  new  station  is  about  4  miles  above  the  mouth  of  Los  Pinos 
Creek,  below  the  mouth  of  Wolf  Creek,  and  about  10  miles  below 
the  mouth  of  the  South  Fork  of  the  Rio  Grande.  The  old  station 
is  just  above  the  mouth  of  Los  Pinos  Creek. 

The  diversions  from  the  Rio  Grande  and  its  tributaries  above  this 
point  are  all  small  and  are  used  chiefly  for  meadow  irrigation.  They 
represent  a  very  small  percentage  of  the  total  flow  of  the  stream. 
The  largest  ditch  takes  water  out  at  Del  Norte,  about  2  miles  below 
the  original  station.  From  this  canal  and  many  others  diverted  at 
various  points  nearly  300,000  acres  of  land  in  Colorado  are  now 
being  irrigated  from  the  Rio  Grande. 

Numerous  small  storage  reservoirs  under  construction  or  in  con- 
templation on  the  tributaries  of  the  Rio  Grande  will  store  a  large 
proportion  of  flood  .waters,  but  all  the  waters  of  the  upper  Rio  Grande 
have  been  filed  upon. 

The  flow  of  the  stream  is  affected  by  ice  for  three  or  four  months 
during  the  winter. 

Practically  no  change  was  made  in  the  datum  of  the  gage  at  the 
old  station  during  its  maintenance,  and  this  old  gage  is  still  being 
used  by  the  water  commissioner  in  that  irrigation  district  of  the 
State.     The  present  chain  gage  is  located  on  the  highway  bridge, 
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and  the  readings  have  no  determined  relation  to  those  taken  at  the 
old  gage.  Discharge  measurements  are  made  from  the  downstream 
side  of  the  bridge. 

Very  good  results  can  be  obtained  at  the  present  station  except 
when  ice  conditions  prevail. 

Discharge  measurements  of  Rio  Grande  nedr  Del  Norte y  Colo.,  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Gage       DIs- 
height,  charge. 

May  17 

W.  B.  Freeman 

Feet, 
181 
193 
166 
107 

Sq.ft. 
733 
878 
393 
383 

Feet. 
3.58 
4.27 
1.60 
1.40 

Sec.-fl. 
3,730 

June  21 

do 

4,960 
840 

Aug.  4 

O.  H.  Russell 

Oct.  1 

.  .  .do  

752 

Daily  gage  height,  in  feet,  of  Rio  Grande  near  Del  Norte,  Colo.,  for  1909. 
[James  G.  Duncan,  observer.] 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1.8 
1.9 
2.25 
2.05 
3.2 

3.5 

3.65 

4.0 

3.35 

3.3 

3.4 
3.35 
3.4 
3.4 
3.15 

3.35 
3.55 
3.95 
4.05 
3.9 

3.55 
3.45 
3.35 
3.25 
3.1 

3.15 
3.55 
a85 
3.4 

ai 

3.05 

2.85 
3.2 
3.85 
4.4 
4.9 

5.15 
5.0 
4.9 
4.8 
4.7 

4.6 
4.4 
4.5 
4.2 
4.2 

4.3 
4.25 
4.3 
4.25 
4.35 

4.25 
4.05 
4.0 
3.95 
3.8 

3.8 
3.5 
3  35 
3.2 
3.3 

3.05 
2.05 
2.95 
2.9 
2.9 

3.15 
2.9 
2.6 
2.45 
2.3 

2.15 
2.05 
1.9 
1.85 
1.8 

1.75 

1.7 

1.65 

1.6 

1.6 

1.6 

1.7 

2.1 

2.25 

2.05 

1.85 

2.1 

1.95 

1.75 

1.65 

1.6 

1.55 

1.5 

1.55 

1.55 

1.6 

1.5 
1.5 
1.4 
1.4 
1.35 

1.45 
1.4 
1.5 
1.5 
1.45 

1.5 

1.5 

1.45 

1.45 

1.65 

1.75 
1.55 
1.65 
1.65 
1.8 

1.6 
1.65 
1.05 
2.05 
1.95 
1.9 

1.85 
1.75 
1.75 
1.85 
2.2 

4.3 
4.25 
3.45 

ao 

2.75 

2.6 
2.45 
2.65 
2.55 
2.45 

2.3 
2.2 
2.1 
2.0 
1.95 

1.85 
1.8 
.     1.75 
1.65 
1.6 

1.6 

1.55 

f.5 

1.45 

1.4 

1.4 
1.35 
1.35 
1.35 
1.65 

1.7 

1.7 

1.65 

1.5 

1.5 

1.45 

1.45 

1.4 

1.4 

1.35 

1.3 

1.3 

1.3 

1.25 

1.25 

1.25 

1.2 

1.2 

1.15 

1.15 

1.15 

1.1 

l.l 

1.1 

1.1 

1.05 

1.0 

1.05 

1.1 

1.05 

1.0 

1.0 
1.0 
1.0 
1.0 
1.05 

1.0 
.95 
.95 
.9 
.9 

.8 
.75 
.75 
.85 
1.0 

1.1 
1.0 
1.0 
1.1 
1.1 

i.o 

1.0 
1.05 
1.0 
1.0 

0.95 

2 

1.0 

3 

1.0 

4 

1.0 

5 

1.0 

6 • 

.95 

7 

.95 

8 

1.0 

9 

1.0 

10 

1.05 

11 

1.05 

12 

.95 

13 

1.0 

14 

1.0 

15 

1.0 

16 

.95 

17 

1.05 

18 

1.05 

19 

20 

21 

22 

23:::::....:.:..: ::.::::::    :.;;: 

24 

25 

1.7 

1.8 

2.1 

2.3 

2.25 

2.0 

26 

27 

28 

29 

30 

31 

Note.— Probable  ice  conditions  December  19-31. 
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Daily  diachargey  in  second-feet,  of  Rio  Grande  near  Del  Norte,  Colo.,  far  1909. 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

1,060 
1,160 
1,560 
2,120 
2,970 

3,500 
3,770 
4,430 
3.230 
3,140 

3,320 

2,420 
2,070 
4,140 
5,260 
6,320 

6,870 
6,540 
6,320 
6,100 
5,800 

6,680 
5,260 
5,470 
4,840 
4,840 

5,050 
4,940 
5,050 
4,940 
5,160 

4,040 
4,530 
4,430 
4,340 
4,050 

4,060 
3,500 
3,230 
2,970 
3,140 

2,720 
2,560 
2,560 
2,490 
2,400 

2,880 
2,400 
2,040 
1,830 
1,620 

1,430 
1,320 
1,160 
1,110 
1,060 

1,020 
965 
920 
875 
875 

875 

965 

1,370 

1.560 

1,320 

1,110 
1,370 
1,210 
1,020 
920 
875 

832 
790 
832 
832 
875 

790 
790 
710 

no 

672 

750 
710 
790 
790 
750 

790 
790 
750 
750 
020 

1,020 
832 
920 
920 

1,060 

875 

920 

920 

1,320 

1,210 

1,160 

1,110 
1,020 
1,020 
1,110 
1,400 

5,060 
4,940 
3,410 
2.640 
2,260 

2,040 
1,830 
2,120 
1,970 
1,830 

1,620 
1,490 
1,370 
1,260 
1,210 

1,110 

1,060 

1,020 

920 

875 

875 
832 
790 
750 
710 

710 
672 
672 
672 
020 

065 
965 
920 
790 
790 

750 
750 

no 
no 

672 

635 
635 
635 
506 
506 

506 
560 
560 
525 
525 

525 
490 
400 
400 
490 
458 

425 
458 
400 
458 

425 

425 
425 
425 
425 
458 

425 
396 
398 
870 
870 

820 
295 
295 
845 
425 

400 
425 
425 

400 

425 
425 
458 

425 
425 

806 

2 

425 

3                                       .     .              .. 

425 

4 

425 

5 

425 

1 
6 < 

308 

7 

308 

8 

425 

9 

425 

10 

458 

11 

468 

12 

3,230 
3,320 
3,320 
2,880 

3,230 
3,500 

306 

13 

425 

14 

425 

15 

425 

16 ' 

308 

17 

458 

18 ' 

19 

20 ; 

21 

22 

23 

24 

25 965 

26 1,060 

27 1,370 

28 ,    1,620 

29 ;....      1,560 

30 '    1,260 

'' 1 

4,340 
4,530 
4,240 

3,500 
,    3,410 
3,230 
3,060 
2,800 

2.880 
3,500 
4,140 
3,320 
2,800 
2,720 

458 

400 
400 

350 
350 
350 
350 
850 

350 
350 
350 
350 
350 
350 

Note.— These  discharges  are  based  on  a  rating  curve  that  Is  fairly  well  defined.    Discharges  December 
19-31  estimated  because  of  probable  ice  conditions. 

Monthly  discharge  of  Rio  Grande  near  Del  Norte,  Colo.,  for  1909, 
(Drainage  area,  1,400  square  miles.] 


Mootli. 


Discharge  in  second-feet. 


April  25-30. 

liay 

June 

July 

August 

September.. 

October 

November.. 
December. . 


The  period . 


1,620 

4,530 

6,870 

2.880 

1,320 

5,050 

965 

490 

458 


Minimum. 


965 
1,060 
2,420 
875 
672 
710 
458 
295 
350 


Mean. 


1,310 

3,180 

4,770 

1,520 

864 

1,660 

661 

418 

397 


Per 
square 
mile. 


.036 
2.27 
3.41 
1.00 
.617 
1.19 
.472 
.299 
.284 


Run-off. 


Depth  in 
inches  on 
drainage 


a  21 

2.62 
8.80 
1.26 

an 

1.33 
.54 


Total  in 
acre-feet. 


15,600 
196,000 
284,000 
03.500 
53,100 
98,800 
40.600 
24,900 
24,«00 


831,000 


Accu- 
racy. 


RIO   GRANDE   NEAR   LOBATOS,  COLO. 

This  station  was  established  June  28,  1899,  at  the  state  bridge 
about  15  miles  east  of  Antonito,  in  T.  33  N.,  R.  11  E. 

The  station  is  particularly  important  because  it  is  located  only  a 
few  miles  above  the  Colorado-New  Mexico  line,  and  the  records  show 
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the  amount  of  water  passing  from  Colorado  into  New  Mexico.  The 
data  are  valuable  also  in  connection  with  the  proposed  Engle  reservoir 
of  the  United  States  Reclamation  Service,  and  they  will  be  used  in 
the  adjudication  of  all  water  rights  along  the  Rio  Grande  which  must 
eventually  be  made. 

Conejos  River  enters  about  7  miles  above  the  station.  A  large 
part  of  the  normal  flow  of  the  river  is  diverted  above  this  station  dur- 
ing the  irrigation  period.  About  450,000  acres  of  land  are  irrigated, 
and  more  will  be  put  under  water  in  connection  with  some  of  the 
proposed  reservoir  systems  above. 

Ice  usually  forms  on  the  river  at  this  point  for  about  three  months 
during  the  winter,  but  occasionally  open-water  conditions  prevail 
through  part  of  this  period. 

The  datum  of  the  gage  has  not  been  changed  since  the  station  was 
established.  The  present  chain  gage  is  fastened  to  downstream  hand- 
rail of  bridge.  Measurements  are  also  made  from  downstream  side 
of  this  bridge.  Very  good  results  have  been  obtained  at  this  station. 
The  river  channel  is  quite  permanent,  being  a  gash  cut  in  the  lava 
rock.  Occasionally  during  low  water  some  sediment  is  deposited, 
but  it  is  scoured  out  in  times  of  flood. 

Discharge  measurements  of  Rio  Orande  near  LobatoSy  Colo.,  in  1909, 


Date. 

Width. 

Area  of 
section. 

Ga^e 
heii^t. 

Dis- 
charge. 

Feb.  13a 

J.  B.  Stewart 

Fea. 
192 
224 
251 

•  265 
196 
233 
222 
130 

8q.fl. 
160 
402 
090 
1,180 
266 
672 
426 
258 

Feet. 
2.20 
1.90 
4.60 
6.01 
1.40 
2.62 
2.05 
2.28 

^"■■^ 

Mar.26 

do 

480 

May  16 

FrfMTTiAfi  ftnd  Stewvt^  ^  ^  ^ r 

3,060 
4,310 

June  22 

W .  B ,  FreeTnan r .  r 

Aug.  2 

G.  H.  Russell 

170 

Sept.  29 

do 

1,140 

Nov.  12 

J.  B.  Stewart 

500 

Dec.  101 

G.  H.  Russell    .                

280 

a  Ice  conditions. 

Daily  gage  height^  in  feet,  of  Rio  Grande  near  Lobatos,  Colo.,  for  1909. 
(Roman  Mondragon,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jime. 

July. 

Aug. 

Sf^t. 

Oct. 

Nov. 

Dec. 

1 

2.3 
2.3 
2.3 
2.3 
2.3 

2.3 
2.3 
2.3 
2.3 
2.3 

2.3 
2.3 
2.3 
2.3 
2.36 

1.85 
1.85 
1.85 
1.86 
1.0 

1.05 
1.06 
2.0 
2.06 
2.06 

2.06 

2.06 

2.2 

2.15 

2.15 

1.05 

1.65 

1.76 

1.0 

1.05 

1.06 
1.05 
1.05 
1.06 
2.06 

1.06 

2.1 

2.05 

1.85 

1.05 

1.9 

L85 
1.86 
2.2 

2.0 
2.65 
2.65 
2.05 
3.36 

4.0 
4.6 
5.05 
6.15 
6.2 

6.06 
4.05 
4.86 
4.75 
4.86 

3.66 
3.4 
3.4 
3.66 
4.16 

6.4 

6.06 

6.4 

6.66 

6.7 

6.66 

6.36 

6.1 

5.85 

5.65 

3.1 

2.05 

2.75 

2.6 

2.6 

2.7 
2.7 
2.8 
2.6 
2.4 

2.3 
2.1 
1.0 

1.8 
1.6 

1.4 
1.3 
1.3 
1.3 
1.2 

1.2 

1.16 

1.2 

1.25 

1.3 

1.4 

1.46 

1.4 

1.4 

1.4 

3.1 

3.06 

3.1 

3.0 

3.1 

3.6 
4.36 
4.8 
4.0 
5.0 

4.7 

4.35 

4.1 

4.1 

3.05 

2.6 

2.5 

2.45 

2.35 

2.3 

2.4 

2.55 

2.8 

2.8 

2.8 

2.7 
2.55 
2.65 
2.55 
2.5 

1.0 
1.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.1 
2.1 
2.1 

2.16 

2 

2.2 

3 

2.1 

4 

2.1 

5 

2.4 

6 

2.3 

7 

2.36 

8 

2.36 

0 

2.4 

10 

2.4 

11  

2.4 

12 

2.3 

13 

2.3 

14 

2.3 

16 

2.4 
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Daily  gage  height,  in  feet,  of  Rio  Grande  near  Lohatos,  Colo.,  far  1909 — Continued. 


Day. 

Jan. 

.Feb. 

2.15 
2.05 
1.95 
1.95 
1.95 

1.95 
2.06 
2.05 
2.06 
2.06 

2.05 
2.06 
2.05 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

2.4 

2.4 

2.35 

2.25 

2.25 

2.2 
2.2 
2.2 
2.15 
2.1 

2.1 

2.1 

2.1 

2.0 

1.95 

1.96 

Nov. 

2.1 

2.0 

1.95 

1.9 

1.86 

1.95 

2.1 

2.1 

2.2 

2.2 

2.2 
2.2 
2.1 
2.1 
2.2 

Dec. 

16 

2.35 
2.35 
2.35 
2.35 
2.3 

2.3 

2.3 

2.25 

2.2 

2.1 

2.0 

2.0 

1.9 

1.85 

1.85 

1.85 

2.06 
2.05 
1.95 
1.95 
1.95 

1.95 
1.95 
1.95 
1.95 
1.95 

1.95 
1.95 
1.95 
1.85 
1.96 
1.9 

2.2 

2.2 

2.45 

3.4 

4.0 

4.05 

3.65 

3.35 

3.0 

2.8 

2.7 
2.6 
2.66 
2.85 
3.15 

4.8 

4.4 

4.5 

4.85 

6.0 

6.1 

6.0 

4.56 

4.3 

3.96 

3.7 

3.66 

3.85 

4.1 

4.1 

3.75 

5.35 

4.9 

6.0 

6.1 

6.2 

6.16 
6.0 
4.86 
4.55 
4.35 

4.2 

4.0 
3.85 
3.65 
3.45 

1.5 
1.4 
1.3 
1.3 
1.3 

1.1 
1.1 
1.1 
1.1 
1.16 

1.8 
2.0 
1.75 
1.6 
1.6 
1.5 

1.4 
1.4 
1.6 
1.7 
1.8 

1.9 
1.9 
2.5 

2!  55 

2.4 

2.4 

2.5 

2.66 

2.9 

3.0 

3.9 

3.75 

3.6 

3.6 

3.4 

3.25 
3.15 
3.0 
2.85 
2.86 

2.8 

2.7 

2.7 

2.65 

2.6 

2.3 

17    J 

?  n 

18 

2.3 

19 

2.3 

20 

2.1 

21 

2.3 

22 

2.16 

83 

2.35 

24 

2.15 

26 

2.05 

26 

2.3 

27 

2.2 

28 

2.3 

29 

?? 

30 

2.2 

81 

2.2 

NoTB.— Probable  ice  conditions  Januaiy  1  to  March  1  and  December  5-31. 

Daily  discharge,  in  second-feet,  of  Rio  Grande  near  Lobatos,  Colo.,  for  1909, 


Day. 

Jan. 

1 

400 

2 

400 

3 

400 

4 

400 

5 

400 

6 

400 

7 

400 

8 

400 

Jan.      Feb.     Mar.     Apr.     May.    June.    July.     Aug.     Sept.     Oct.     Nov.    Dec. 


9. 
10., 

11.. 
12.. 
13.. 
14.. 
16.. 

16. 
17.. 
18.. 
19.. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28., 
29. 
30. 
31. 


400 
400 

400 
400 
400 
400 
400 

400 
400 
400 
400 
400 

400 
400 
400 
400 
400 

400 
400 
400 
400 
400 
400 


410 
410 
410 
420 
420 

440 
440 
440 
460 
430 

430 
400 
390 
380 
380 

380 
370 
370 
370 
370 

380 
380 
380 
380 
380 

380 
380 
380 


350 
320 
372 
460 
496 

495 
495 
495 
495 
572 

495 
616 
672 
-430 
495 

672 
572 
495 
495 
495 

495 
495 
495 
495 
496 

496 
495 
495 
495 
495 
460 


460 
460 
460 
460 
460 

460 
460 
460 
460 
460 

460 
460 
430  ' 
430  , 
705 

705 

705  t 

950 

2,130 

2,990 

3,060 
2,480 
2,060 
1,600 
1,350 

1,230 
1,110 
1,170 
1,410 
1,800 


1,470 
1,170 
1,170 
1,540 
2,060 

2,990 
3,920 
4,630 
4.790 
4,870 

4,630 
4,470 
4,310 
4,160 
4,310 

4,230 
3.600 
3,760 
4.310 
4,550 

4,710  I 
4,550  I 
3.840 
3.450 
2,920  I 

2,560 
2,480 
2,770 
3,140 
3,140 
2,630 


2.480 
2,130 
2,130 
2,480 
3,220 

5.200 
6,120 
6,920 
7.370 
7,460 

7,190 
6,830 
6,380 
5,940 
5,610 

5,110 
4.390 
4,550 
4,710 
4,870 

4,790 
4,550 
4,310 
3,840 
3,530 

3,300 
2,990 
2,770 
2,480 
2,200 


1,730 
1,540 
1,290 
1,110 
1,110* 

1,230 
1.230 
1,350 
1,110 
900 

800 
615 
460 
400 
296 

250 
205 
165 
165 
165 

110 
110 
110 
110 
122 

400 
530 
372 
295 
295 
250 


205 
165 
165 
165 
136 

135 
122 
135 
150 
165 

205 
228 
205 
205 
205 

205 
205 
295 
345 


1.730 
1,660 
1.730 
1.600 
1,730 

2,410 
3,530 
4,230 
4,390  I 
4,550  ' 

4,070  I 
3,530  I 
3,140  I 
3,140  I 
2,920 

2.840  I 
2,630  , 
2,410  1 
2,270 


400 

2,130 

460 

1,920 

460 

1,800 

1,000 

1,600 

705 

1,410 

752 

1,410 

900 

1,350 

900 

1,230 

1,000 

1.230 

1,170 

1.170 

1,470 

1,110 

1,600 

1,000 

1,000 

960 

850 

800 

900 
1,060 
1.350 
1.350 
1,350 

1,230 
1,060 
1,060 
1,060 
1,000 

900 
900 
850 
752 
752 

705 
705 
705 
660 
615 

615 
615 
615 
530 
495 
495 


460  660 
460  706 
630    615 


630 
630 

630 
530 
530 
530 
630 

630 
630 
615 
615 
616 

615 
630 
495 
460 
430 

496 
615 
615 
705 
705 

705 
705 
616 
615 
705 


616 
600 

600 
600 
570 
570 
570 

550 
550 
500 
500 
460 

450 
400 
300 
280 
300 

300 
300 
300 
300 
300 

300 
300 
300 
300 
300 
300 


Note.— These  discharges  are  based  on  a  rating  curve  that  is  well  defined  below  4,550  second-feet. 
Charges  estimated  January  1  to  March  1  and  December  5-31,  due  to  probable  ice  conditions. 


Dis- 
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WESTERN  GULF  OF  MEXICO. 

Monthly  discharge  of  Rio  Grande  near  Lobatos,  Colo.,  for  1909. 
[Drainage  area,  7,700  square  miles.] 
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Discharge  in  second-feet. 

Run-off. 

i 

Month. 

Maximum. 

Minimum. 

Mean. 

Per 
square 
mile. 

Depth  in 

inches 
on  drain- 
age area. 

Total  in 
acre-feet. 

Accu- 
racy. 

January ---,-_ 

400 

450 

615 

3,060 

4,870 

7,460 

1,730 

1,600 

4.550 

1,350 

705 

705 

400 

370 

320 

430 

1.170 

2,130 

110 

122 

1,110 

496 

430 

300 

400 

398 

490 

1,060 

3,460 

4,520 

607 

466 

2,360 

869 

569 

441 

a052 
.052 
.064 
.138 
.449 
.587 
.079 
.061 
.306 
.113 
.074 
.057 

0.06 
.05 
.07 
.16 
.62 
.65 
.09 
.07 
.34 
.13 
.08 
.07 

24,600 
22,100 
30,100 
63,100 
213,000 
269,000 
37,300 
28,700 
140,000 
63,400 
33,900 
27,100 

C. 

Ff  bniaVy   -  - 

C. 

March 

A. 

April 

A. 

May  :::::::: 

A. 

June 

A. 

julv                   

A. 

August 

A. 

Seotember  .             

A. 

October  

A. 

November 

A. 

December 

C. 

The  year 

7,460 

s 

110 

1,300 

.169 

2.28 

942,000 

RIO  GRANDE  NEAR  BUCKMAN/  N.  MEX. 

This  station  was  first  established  February  1,  1895,  to  obtain  data 
for  use  in  connection  with  irrigation  enterprises.  Since  that  date 
records  have  been  obtained  at  various  intervals.  It  is  located  at  the 
Denver  &  Rio  Grande  Railroad  bridge,  which  crosses  the  river  one- 
eighth  mile  et^^t  of  Rio  Grande.  The  bridge  is  about  9  miles  below 
Espanola,  2  miles  below  San  Udefonso,  an  Indian  pueblo  3^  miles 
above  Buckman  lumber  camp.  No  important  tributaries  enter  in 
the  immediate  vicinity. 

Beginning  in  the  vicinity  of  Del  Norte,  Colo.,  many  large  and 
small  ditches  divert  water  for  irrigation. 

The  original  gage  was  located  on  the  left  bank,  about  200  feet  above 
the  bridge,  and  measurements  were  made  from  a  cable  which  was 
located  just  above  the  bridge.  On  March  30,  1904,  a  vertical  rod  gage 
was  established  at  a  new  datum  on  the  downstream  side  of  the  rail- 
road pier.  The  station  was  discontinued  December  31,  1905,  and 
reestablished  June  22,  1909,  the  same  gage  being  used  as  in  1904. 
The  cable  had  been  removed,  and  measurements  during  1909  were 
made  from  the  bridge.  Gage  heights  are  not  affected  by  ice.  Since 
1904  the  datum  has  remained  practically  unchanged. 


Discharge  measurements  of  Rio  Grande  near  Buckman ,  N. 

Mex.,  in 

1909. 

Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Gage       Dte' 
height.  1  chaige. 

June  22 .  X  ^ . . .  . 

J.  B.  Stewart 

Feet. 
158 
103 

Sq.ft. 
1,160 
253 
462 

Feet. 
5.75 
2.15 
3.70 

Sec.-ft. 
6,860 

Aug.2 

Aug.  27 

.do.            

G03 

.     ..do 

2,040 

1 

Note.— These  measurements  are  liable  to  be  considerably  In  error  because  of  the  skew  of  the  bridge 
and  cross  currents. 


Formerly  known  as  near  San  lidefonso. 
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SURFACE   WATER  SUPPLY,  1909,  PART  VIH. 


Daily  gage  height,  in  feet,  of  Rio  Grande  near  Buckman,  N.  Mex.^for  1909, 
[Aaron  Martinez,  observer.] 


Day. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

4.7 

4.36 

4.2 

4.2 

4.0 

4.36 

4.1 

3.95 

4.06 

3.9 

3.6 

3.35 

3.25 

3.16 

3.0 

3.3 
3.1 
2.8 
2.6 
2.15 

2.05 

2.2 

2.4 

2.26 

2.5 

2.7 

2.6 

2.4 

2.6 

2.25 

2.15 

2.2 

2.0 

2.2 

2.36 

2.76 

2.85 

2.40 

2.26 

2.1 

2.0 

2.06 

2.3 

2.4 

2.4 

2.6 

2.6 

2.6 

3.2 

3.75 

3.95 

6.8 

3.85 

3.55 

3.8 

3.7 

3.96 
3.85 
3.75 
3.85 
3.75 
4.15 

4.0 
4.2 
4.1 
4.0 
4.75 

6.0 

6.85 

6.95 

6.15 

6.1 

6.3 

6.95 

6.75 

6.55 

6.36 

6.26 
5.15 
4.05 
4.75 
4.55 

4.45 

4.3 

4.2 

3.95 

3.85 

3.65 
3.50 
3.40 
3.5 
3.45 

3.36 

3.0 

2.9 

2.9 

2.8 

2.86 
3.66 
3.76 
3.25 
3.45 

3.66 
3.65 
3.50 
3.45 
3.35 

3.25 

3.25 

3.2 

2.95 

2.86 

2.8 

2.7 

2.65 

2.6 

2.5 

2.45 

2.4 

2.5 

2.3 

2.3 

2.3 

2.3 

2.2 

2.25 

2.25 

2.1 

2.2 

2.1 

2.05 

2.0 

1.9 

1.8 

1.85 

1.76 

1.8 

1.7 

1.75 

1.75 

1.S6 

1.8 

1.7 

1.76 

1.7 

1.75 

2.05 

2.06 

2.05 

2.2 

2.06 

2.2 

2.05 

2.06 

2 

2.26 

3 

2.25 

4 

2.35 

6      . 

2.5 

6 

2.45 

7 

2.35 

8 

2.25 

9 

2.15 

10 

1.95 

11 

2.0 

12 

1.85 

13 

2.05 

14 

2.1 

16 

2.0 

16 

1.95 

17 

1  85 

18 *. 

1.9 

19 

1.95 

20 

1.96 

21 

2.05 

22 

2.16 

23 

6.65 

6.4 

6.95 

6.8 

6.66 

6.4 

6.15 

4.85 

2.26 

24 

2.15 

25 

2.05 

26 

2.26 

27 

2.15 

28 

2.05 

29 

2.16 

30 ^ 

31 

2.06 
1.96 

Daily  discharge,  in  second-feet,  of  Rio  Grande  near  Buckman,  N.  Mex.,for  1909. 


Day. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

3,210 
2.780 
2,600 
2,600 
2,370 

2,780 
2.480 
2,320 
2,420 
2,260 

1,830 
1.070 
1,570 
1,470 
1,320 

1,620 
.  1,420 

1,130 
950 
601 

533 
630 
785 
672 
865 

1,040 
950 
785 
865 
672 
601 

636 
600 
636 

747 
1,080 

1,180 
785 
672 
566 
600 

533 

709 
785 
785 
865 

865 

950 

1,620 

2,100 

2,320 

4.800 
2,210 
1,880 
2,150 
2,040 

2,320 
2.210 
2,100 
2,210 
2,100 
2,540 

2,370 
2,600 
2,480 
2,370 
3,280 

5,140 

4,880 
6,060 
5,400 
6,310 

5,670 
5,060 
4,720 
4,400 
4,100 

3.950 
3,810 
3,540 
3,280 
3,020 

2,900 
2,720 
2,600 
2,320 
2,210 

1,990 
1,830 
1,720 
1,830 
1,780 

1,670 
1,320 
1,220 
1,220 
1,130 

1.180 
1.880 
2,100 
1.570 
1,780 

1,990 
1,990 
1.830 
1,780 
1,670 

1,570 
1,570 
1.520 
1,270 
1,180 

1.130 

1,040 

994 

950 

865 

825 
785 
865 
709 
709 
709 

709 
636 
672 
672 
566 

636 
566 
633 
600 
440 

386 
413 
362 
386 
337 

362 
362 
413 
386 
337 

362 
337 
362 
633 
633 

633 
636 
633 
636 
533 

533 

2 

672 

3 

672 

4 

747 

6 ^ 

866 

6 

825 

7 

747 

8 

672 

9 •. 

601 

10 

470 

11 

500 

12 

413 

13 

633 

14 

566 

15 ^ 

600 

16 

470 

17 

413 

18 

440 

19 

470 

20 

470 

21 

533 

22 

601 

23 

6,330 
5,850 
6,060 

4,800 
4,560 
4,170 
3,810 
3,400 

672 

24 

601 

26 

633 

26 

672 

27 

601 

28 

633 

29 

601 

30 

633 

31 

470 

Note.  -These  discbargeH  are  based  on  a  rating  curve  that  Is  fairly  well  defined  between  100  and  4,600 
second-fee' . 
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WESTERN  GULF   OF   MEXICO. 
Monthly  discharge  of  Rio  Grande  near  Btickmcm,  N.  Hex.,  for  1909. 
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Month. 


Discharge  in  second-feet. 


MftxtT"i"Ti    Minimum.     Mean 


Run-off 
(total  in 
acre-feet). 


Accu- 
racy. 


June  23-n30. . 

July 

August 

September. 

October 

November. . 
December.. 


6,330 
3,210 
4,800 
5,670 
2,100 
709 
865 


3,400 
533 
500 

1,720 
709 
337 
413 


4,750 
1,540 
1,460 
3,410 
1,320 
489 
578 


The  period . 


76,400 
94,700 
89,800 
203,000 
81,200 
29,100 
35,500 


609,000 


RIO  GRANDE  NEAR  SAN  MARCIAL,  N.  MEX. 

On  August  8,  1889,  a  station  was  established  near  San  Marcial 
and  a  measurement  made  giving  a  discharge  of  19  second-feet. 
Soon  after  this  date  the  gage  was  destroyed  and  the  station  aban- 
doned until  January  29,  1895,  when  it  was  reestablished  at  the 
Atchison,  Topeka  &  Santa  Fe  Railway  bridge,  which  crosses  the 
river  1  mile  south  of  San  Marcial,  N.  Mex.  The  inclined  gage, 
installed  in  1895,  was  carried  away  in  1896  and  a  wire  gage  put  in  its 
place  at  the  same  datum.  This  was  soon  abandoned  and  gage 
heights  were  obtained  by  measuring,  by  means  of  a  graduated  rod, 
the  distance  from  the  bridge  deck  to  the  water  surface. 

Since  January  1,  1901,  the  station  has  been  maintained  by  the 
United  States  section  of  the  International  Boundary  Commission. 

The  channel  is  sandy  and  very  shifting.  During  high  stages 
bridge  piers  interfere  with  the  accuracy  of  results. 

No  important  tributaries  enter  in  the  immediate  vicinity. 

Discharge  measurements  of  Rio  Grande  near  San  Marcial ,  N.  Mex.,  in  1909. 
[By  Geo.  W.  King.] 


Date. 

Area  of 
section. 

Gage 
height. 

Dis- 
charge. 

Date. 

Area  of 
section. 

Gage 
height. 

Dis- 
charge. 

Jan.  2    . 

Sq.ft- 
181 
150 
176 
179 
178 
163 
195 
198 
165 
136 
158 
147 
147 
152 
161 
.       152 
150 
190 
172 
144 
126 
259 
200 

Feet. 
10.6 
10.4 
10.4 
10.4 
10.4 
10.5 
10.4 
10.5 
10.5 
10.3 
10.6 
10.4 
10.6 
10.5 
10.5 
10.3 
10.5 
10.6 
10.6 
10.4 
10.6 
10.8 
10.6 

681 
634 
736 
J23 
747 
774 
686 
634 
753 
691 
697 
666 
688 
549 
631 
657 
615 
529 
495 
1,205 
942 

Mar.l2 

216 
158 
149 
166 
191 
224 
151 
193 
241 
230 
237 
392 
716 
659 
663 
480 
508 
525 
1,058 
1,360 
1,266 
1,082 

Feet. 

10.6 

10.5 

10.4 

10.4 

10.2 

10.4 

10.6 

10.5 

10.6 

10.6 

10.4 

10.6 

11.0 

11.9 

12.0 

11.3 

11.25 

11.6 

11.1 

12.6 

12.2 

12.4 

12.1 

Sec.-fl. 
1,087 

5 

15 

836 

8 

18 

643 

11 

21 

698 

14 

24 

708 

17 

27 

913 

20 

30 

1,062 

23 

Apr.  2 

752 

26 

6.... 

854 

29 

9 

1,127 

31     . 

12 

847 

Feb.  3 

15 

867 

6 

18 

1,141 

9 

21 

4,074 

12 

1           24 

3,606 

15 

'     27 :.... 

2,904 

18 

30 

2,737 

22 

'  May  3 

3,136 

25 

2.834 

28 

9 

6,340 

ll<^r    3    .         . 

12    

6,976 

6 

15 

7,242 

9 

18 

6,503 
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44  SURFACE  WATER  SUPPLY,  1909,  PART  YIU. 

Discharge  meamrements  of  Rio  Grande  near  San  Mardal,  N.  Mex.^  in  1909 — Continued. 


Date. 

Area  of 
section. 

Gage 
height. 

Dte- 
charge. 

Date. 

Area  of 
section. 

Gage 
height. 

Dis- 
charge, 

Mav21 

1,090 
912 
714 
711 
664 
860 
1,353 
1,200 
980 
800 
830 
788 
664 
602 
391 
370 
245 
198 
211 
122 
186 
87 
232 
69 
80 
48 
66 
64 
205 
68 
222 
480 
363 
468 

Feet. 

12.2 

12.3 

11.7 

11.4 

11.6 

11.3 

12.1 

12.7 

12.6 

12.0  • 

11.7 

11.8 

11.6 

11.1 

10.9 

10.6 

10.2 

10.0 

9.9 

9.9 

9.4 

9.7 

9.4 
10.05 

8.8 

9.0 

8.8 

8.9 

9.2 
10.2 

9.0 
10.3 
11.1 
10.4 
10.6 

8ee.-ft. 

6,m 

6,761 

6,027 

3,928 

4,139 

3,176 

4,937 

7,887 

7,685 

6,874 

4,497 

4.346 

4,121 

3,166 

2,010 

1,398 

1,083 

768 

665 

434 

238 

401 

235 

756 

112 

290 

146 

185 

241 

736 

232 

996 

2,688 

1,708 

1,769 

Sept.  2 

343 
401 
814 
669 
624 
664 
646 
431 
387 
346 
271 
198 
607 
261 
431 
334 
215 
231 
198 
192 
294 
202 
176 
207 
326 
259 
235 
328 
267 
253 
245 
197 
203 
209 

Feet. 

10.3 

10.6 

11.3 

11.6 

12.0 

11.4 

11.4 

11.2 

10.8 

10.7 

10.6 

10.5 

10.4 

11.1 

10.8 

10.7 

10.7 

10.6 

10.6 

10.6 

10.5 

10.6 

10.6 

10.6 

10.6 

10.6 

10.7 

10.65 

10.85 

10.9 

10.65 

10.85 

10.7 

10.7 

10.85 

n4 

1,467 

^24  ::     :::.... 

6 

27 

6 

2,488 
4,225 

30                         

9 

JoDe  2 

12 

4,199 

6         .        .        .     . 

16 

3,316 
3,001 

8 

18 

11  .                   

21 

2,876 
1,832 
1,614 
1,176 

14 

24 

17                    

27 

20 

30 

23                          .   . 

Oct.   3 

914 

26 

7 

764 

29                          .   .. 

10 

2,029 
i;317 
1,280 
1,138 

July   2 

13 

16 

8 

19 

11                        

22 

806 

14 

26 

738 

17                        

28 

689 

20 

31 

616 

23                        .     .. 

Nov.  3 

623 

26.   !  

9 

590 

27                       .   . 

12 

684 

30 

16 

639 

Aue.  3 

18 -. 

21 

778 

*  6..     ..:::... 

660 

9 

24 

618 

12.                    .... 

27 

973 

15 

Dec.   1 

883 

18                       .... 

4 

875 

21 

7 

936 

23 

10 

582 

26 

13 

515 

30 

'           16 

604 

NoTB.— River  frozen  over  from  December  18  to  December  31, 1909. 

Daily  gage  heighty  in  feet,  of  Rio  Grande  near  San  Mardal,  N.  Mex.,/or  1909. 


Day. 


1 
2 
3 
4 
6. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25, 

26. 
27. 
28. 
20. 
30. 
31. 


Jan. 

Feb. 

Mar. 

Apr. 

10.46 

10.46 

10.46 

10.6 

10.6 

10.4 

10.6 

10.6 

10.4 

10.4 

10.6 

10.6 

10.4 

10.4 

10.65 

10.66 

10.4 

10.4 

10.7 

10.6 

10.5 

10.45 

10.8 

10.6 

10.5 

10.35 

10.8 

10.66 

10.4 

10.4 

10.7 

10.7 

10.4 

10.46 

10.6 

10.6 

10.65 

10.66 

10.55 

10.6 

10.45 

10.5 

10.65 

10.4 

10.4 

10.46 

10.6 

10.4 

10.4 

10.6 

10.6 

10.5 

10.35 

10.4 

10.5 

10.6 

10.4 

10.3 

10.5 

10.6 

10.35 

10.3 

10.6 

10.6 

10.6 

10.4 

10.4 

10.6 

10.4 

10.5 

10.4 

10.9 

10.45 

10.4 

10.6 

11.15 

10.46 

10.4 

10.6 

11.3 

10.5 

10.46 

10.46 

11.85 

10.6 

10.66 

10.3 

12.0 

10.6 

10.66 

10.2 

11.96 

10.4 

10.6 

10.2 

12.15 

10.46 

10.6 

10.35 

11.8 

10.45 

10.6 

10.4 

11.45 

10.6 

10.6 

10.4 

11.3 

10.36 

10.4 

10.6 

10.9 

10.36 

10.6 

10.7 

10.35 

10.6 

11.0 

10.6 

10.6 

11.4 
11.4 
11.4 
11.0 
10.8 

10.95 

11.65 

12.1 

12.6 

12.65 

12.6 
12.3 
12.1 
12.1 
12.3 

12,25 

12.2 

12.05 

12.1 

12.05 

12.15 
12.26 
12.3 
12.3 
12.25 

12.15 

11.86 

11.7 

11.3 

11.3 

11.5 


11.6 

11.5 

11.55 

11.6 

11.4 

11.2 
11.2 
11.6 
12.4 
12.66 

12.65 

12.7 

12.7 

12.6 

12.25 

12.0 

11.95 

11.86 

11.7 

11.7 

11.9 
11.8 
11.8 
11.66 
11.46 

11.6 

11.36 

11.2 

11.1 

10.9 


July. 

Aug. 

10.9 

8.65 

10.9 

8.35 

10.75 

8.66 

10.6 

9.0 

10.6 

9.05 

10.4 

8.8 

10.3 

8.95 

10.2 

9.0 

10.6 

8.95 

10.2 

8.95 

10.0 

9.05 

10.0 

9.0 

10.06 

8.95 

9.95 

9.75 

9.9 

9.9 

9.9 

9.4 

9.9 

9.46 

9.86 

9.1 

9.75 

9.2 

9.45 

9.1 

9.4 

10.4 

9.36 

11.7 

9.66 

11.26 

9.4 

10.66 

9.06 

10.1 

10.1 

10.3 

10.0 

10.6 

9.6 

10.4 

9.1 

10.35 

8.85 

10.4 

as 

10.6 

Sept. 

Oct. 

Nov. 

10.5 

10.56 

10.5 

10.3 

10.6 

10.5 

10.66 

10.6 

10.5 

10.6 

10.45 

10.6 

10.6 

10.4 

10.45 

12.06 

10.4 

10.4 

13.3 

10.4 

10.4 

12.6 

10.4 

10.35 

11.6 

10.4 

10.6 

11.96 

11.15 

10.6 

12.2 

10.76 

10.6 

12.05 

10.8 

10.4 

11.8 

10.8 

10.46 

11.7 

10.8 

10.6 

11.4 

10.8 

10.6 

11.35 

10.7 

10.45 

11.36 

10.7 

10.45 

Dec 


11.4 
11.35 
11.3 

11.2 
10.95 
10.8 
10.8 
10.85 

10.66 

10.7 

10.6 

10.6 

10.6 


10.7 

10.55 

10.7 

10.65 

10.7 

10.65 

10.6 

10.7 

10.6 

10.7 

10.6 

10.65 

10.6 

10.6 

10.6 

10.7 

10.6 

10.76 

10.6 

10.85 

10.6 

10.96 

10.6 

11.06 

10.6 

10.9 

10.6 

10.9 

10.85 

10.8 

10.65 

10.7 

10.8 

10.85 

10.9 

10.75 

10.7 

10.6 
10.66 
10.66 
10.96 
10.95 

10.9 

10.75 

10,7 

10.9 

10.7 

10.7 
10.7 
10.7 
10.7 
10.7 

10.7 

10.7 

10.7 

10.86 

11.16 

11.4 


Note.— River  frozen  over  from  December  18  to  31. 
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Daily  discharge,  in  second-feet,  of  Rio  Grande  near  San  Marcial,  N.  Mex.yfor  1909. 


Day. 


1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

28. 
27. 
28, 
29, 
30. 
31. 


Jan. 


555 

a665 

560 

605 

a  650 

675 
655 
a580 
580 
670 

a645 
670 
700 

a  715 
720 

680 

a  725 

705 

745 

o765 

775 
775 
a  775 
705 
695 

a66& 
685 
645 

a  645 
665 

a  755 


Feb. 


685 
620 
a590 
605 
620 

a665 
595 
615 

a635 
705 

680 


a550 

550 
590 
a630 
605 
605 


a  645 
615 
630 

a  615 

570 

570 

a  530 


Mar. 


525 
525 
a405 
680 
970 

al,200 

1,200 

1,070 

0  940 

935 

966 

al.040 

1,000 

870 

a835 

805 
675 
a645 
746 
845 

a  736 
680 
665 

o710 


885 

0  915 

995 

995 

31,080 

1,080 


Apr. 


870 
a  750 
750 
800 
855 

a856 
995 

1,140 

al,  1.30 

985 

846 

a  845 

885 

925 

a866 

866 

865 

al,070 

1,630 

2,120 

03,910 
4,080 
3,790 

a4,000 
3,470 

3,070 
02,900 
2,500 
2,300 
02,540 


May. 


2,980 
2,980 
o2,980 
2,760 
2,610 

o2,720 
3,960 
5,340 

06,340 
7,050 

7,160 
o7,l80 
6,840 
6,840 
o7,110 

6,870 
6,750 
o6,380 
6,500 
6,440 

o6,560 
6,600 
6,750 

o6,750 
6,610 

6,320 
05,460 

4,860 

3,890 
o3,720 

4,120 


Jane. 


4,130 

o4,140 

4,060 

3,960 

03,370 

2,960 
2,960 
03, 840 
6,220 
7,350 

o7,740 
7,890 
7,890 

o7,730 
6,760 

5,940 

o6,720 

5,260 

4,660 

o4,600 

4,860 
4,480 
04,350 
4,230 
4,080 

o4,120 
3,760 
3,400 

03,160 
2,700 


July. 


2,260 

o2,010 

1,780 

1,560 

fll,400 

1,280 
1,160 
ol,030 
1,420 
1,030 

a  770 

no 

820 

o715 

500 

510 

o435 

416 

375 

o266 

220 
200 
0  316 
280 
140 

O800 

o700 

620 

260 

ol30 

110 


Aug. 


60 

20 

a  146 

290 

325 

al46 
206 
226 

o206 
186 

205 

al66 

166 

615 

o590 

400 
420 
o275 
860 
290 

al.060 
3.960 

o3,000 
1,920 
1,290 

ol,570 
1,760 
1,710 
1,700 

ol,710 
1,710 


Sept. 


1,660 

01,090 

1,620 

1,330 

ol,460 

05,110 
9,490 
7,010 

o4,230 
4,650 

4,880 
o4,300 
3,900 
3,760 
o3,320 

3,140 
3,030 
o3,000 
2,970 
2,940 

o2,880 
2.220 
1,830 

ol,830 
1,940 

1,510 

ol,610 

1,330 

1,260 

ol,180 


Oct. 


1,060 
940 

0  915 
840 
766 

766 

a  765 

766 

766 

o2,l50 

1,200 
1,320 
ol,320 
1,320 
1,320 

ol,280 
1,230 
1,190 

ol,140 
1,090 

855 

O805 

785 

760 

o740 

720 
705 

0600 
690 
616 

o615 


Nov. 


620 
620 
0  625 
680 
685 

650 
545 
510 
o590 
690 

&90 

o665 

640 

555 

O540 

670 
630 
o750 
760 
690 

o660 
660 
620 

o675 


746 
O870 
1,040 
1,100 

920 


Dec. 


o886 
900 
915 

o876 
890 

920 

o936 

880 

700 

o580 

600 
450 
o486 
6G6 
665 

o636 
646 
615 
635 
515 

616 
516 
616 
515 
615 

616 
516 
516 
666 
966 
1,210 


o  Date  of  measurement. 
Monthly  discharge  of  Rio  Grande  near  San  Mardal,  N.  Mex.j/or  1909, 


Month. 


Discharge  in  second-feet. 


Maxbnum.   Mtnimum^     Mean. 


Run-off 
(total  in 
acre-feet). 


January 

February 

March 

April 

May 

June...'. 

July 

August 

September 

October 

November 

December , 

The  year. 


775 
706 
1,200 
4,060 
7,180 
7,890 
2,260 
3,950 
9,490 
2,150 
1,100 
1,210 


555 

530 

495 

750 

2,610 

2,700 

110 

20 

1,090 

615 

510 

450 


676 

618 

856 

1,753 

6,468 

4,873 

782 

856 

3,009 

972 

665 

679 


41,554 
34,334 
62,622 
104,340 
336,238 
289,963 
48,080 
52,661 
179,048 
60,742 
39,680 
41,752 


9,490 


20 


1,767 


1,279,984 


RIO   GRANDE    NEAR   EL  PASO,    TEX. 

This  station  was  located  at  the  pumping  house  of  the  smelter  com- 
pany, 3  miles  north  of  El  Paso,  Tex.  The  bed  of  the  stream  at  that 
point  is  composed  of  mud  and  is  constantly  shifting  and  changing.  On 
May  1,  1897,  the  station  was  placed  under  the  charge  of  W.  W. 
FoUett,  consulting  engineer.  International  Boundary  Commission,  and 
by  him  removed  1  mile  farther  up  the  river  to  Courchesne's  limekiln. 
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SURFACE   WATER  SUPPLY,  1909,  PART  VIII. 


Although  the  section  is  unstable  and  subject  to  overflow,  it  is  still  the 
best  site  for  a  station  in  the  vicinity  of  El  Paso,  as  the  entire  bed  is 
constantly  shifting  for  many  miles  above  and  below.  On  this  accoimt 
frequent  discharge  measurements  are  made  in  order  to  closely  estimate 
the  daily  discharge. 

River  heights  were  measured  at  the  masonry  pump-foundation 
pier.  As  the  pier  was  torn  down  in  October,  1902,  an  inclined  wooden 
gage  was  established  some  60  feet  upstream.  This  has  since  been 
moved  about  300  feet  downstream. 


Discharge  measurements  of  Rio  Grcmde  near  El  Paso,  Tex.,  in  1909. 
[By  T.  A.  SUles and  W.  L.  Follett] 


Date. 

Area  of 
section. 

helgSt. 

Dis- 
cbarge. 

Date. 

Ar<«of 
section. 

he^t 

DIs- 
cbarga 

Jan     2 

''■Si 

197 
150 
172 
214 
161 
192 
159 
187 
176 
116 
169 
84 
87 
94 
22 
180 
325 
274 
108 
143 
125 
103 
107 
75 
42 
226 
114 
130 
92 
657 
605 
342 
446 
404 
441 
1,060 
1,027 
1,011 
848 
959 
652 
641 
492 
525 
980 
967 
886 
642 
665 

Feel. 

7.9 
7.9 
7.7 
8.0 
8.1 
8.0 
8.25 

ai 

8.3 

a2 

7.8 
8.1 
7.5 
7.3 
7.4 
7.1 
8.1 
9.15 
8.8 
7.6 
8.1 
8.06 
7.8 
7.8 
7.4 
6.86 
8.6 
7.8 
7.9 
7.6 
11.26 
10.55 
9.5 
10.2 
9.86 
10.1 
12.3 
12.1 
12.2 
11.7 
12.1 
10.7 
10.6 
10.0 
10.1 
11.9 
12.1 
11.7 
10.7 
10.9 

418 

276 

370 

609 

359 

363 

390 

476 

392 

224 

329 

145 

163 

159 

33 

470 

1,084 

858 

230 

433 

358 

186 

200 

113 

49 

721 

267 

260 

129 

3,834 

3,089 

1,625 

2,238 

2,028 

2,265 

44 

48 
72 
56 
80 
94 
61 
10 
31 
58 
18 
70 
99 

June  28 

''■& 

488 
47 
33 
30 
21 
16 
402 
219 
260 
206 
187 
991 
727 
577 
463 
364 
258 
265 
237 
220 
147 
151 
309 
207 
218 
221 
163 
162 
151 
124 
170 
142 
132 
128 
152 
146 
136 
243 
174 
226 
243 
217 
176 
127 
230 
111 
86 
68 

Feet. 
10.4 
9.9 
6.9 
6.4 
6.05 
6.1 
6.0 
9.35 
8.25 
8.5 
8.0 
7.96 
11.96 
11.45 
10.6 
10.0 
9.4 
8.9 
8.75 
8.2 
8.4 
7.9 
7.8 
9.2 
8.3 
8.4 
8.4 
8.2 
8.1 
8.1 
8.0 
8.1 
7.95 
7.76 
7.6 
7.9 
7.8 
7.7 
8.3 
8.0 
8.2 
8.4 
8.4 
8.2 
7.8 
8.3 
7.6 
7.2 
6.96 

8ee.-fL 
3,175 

5 

30 

2,170 
76 

9 

July  19                      

14 

22 

28 

16 

25 

16 

19     

Aug.  21 

23 

Feb.   5 

24 

14 

9 

25 

1,864 

12 •. 

28 

741 

15 

31 

1,070 

18 

Sept.   3 

584 

21 

6 

603 

25 

9 

6,574 

28     .    .. 

12 

4,480 

Mar.  3 

15 

3,289 

6         ..     . 

18 

2,360 

9   

22 

1,674 

13 

24 

1,107 

16 

27 

1,050 
690 

20 

30...' 

24 

Oct.     3 

860 

28 

6 

431 

31         

9      .   . 

342 

Apr.    3 

12 

1,573 
754 

16 

9 

18 

604 

12 

21 

705 

16     ... 

24        ..   .   ' 

516 

18 

27 

481 

21 

29 

486 

24     ... 

31 

416 

27 

Nov.    3 

401 

30 

6 

336 

May    3 

9 

299 

^  I:: :::::::::::." 

12 

274 

9 

15 

364 

12 

18 

358 

16 

21 

288 

18 

24 

655 

21 

27 

399 

26 

Dec.    1 

606 

30 

5 

779 

Jane  3 

9 

12 

463 

6 

364 

9 

16 

233 

12 

19 

476 

16 

24 

191 

19 

28 

146 

22 

31 

101 

25 
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Daily  gage  height,  in  feel,  of  Rio  Grande  near  El  Paso,  Tex.  y  for  1909. 


»»... 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

2 

3 -.... 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

7.85 

7.9 

7.95 

7.9 

7.9 

7.9 

7.9 

7.85 

7.7 

7.5 

7.2 
7.85 
7.95 
8.0 
&35 

8.1 

8.0 

8.15 

8.1 

7.95 

7.75 
7.65 
7.65 
&05 
7.95 

7.9 
7.95 
7.95 
7.95 
7.9 
8.05 

&35 

8.35 

&2 

&25 

8.3 

&05 
7.9 
7.8 
8.0 
&1 

&2 

&25 

«.05 

8.1 

&2 

&2 
&0 
7.85 
7.75 
7.7 

&1 
&1 
&0 
7.7 
7.66 

7.45 
7.4 
7.3 

7.8 

7.75 

7.45 

7.26 

7.15 

7.1 

7.05 

6.95 

7.8 

&4 

8.3 

&85 

9.2 

9.0 

9.0 

8.85 
&85 
&55 
&05 
7.8 

7.75 
7.9 
8.0 
8.05 

ao 

&4 

&2 

8.1 

8.1 

7.95 

7.8 

7.76 
7.7 
7.9 
7.8 
7.76 

7.4 
7.4 
7.2 
7.0 
&16 

8.85 

&6 

8.05 

7.85 

7.9 

7.8 
8.0 
7.95 
&16 
7.8 

7.8 
9.1 
10.3 
11.06 
11.2 

11.2 
10.75 
10.1 
.  9.8 
9.45 

9.3 
9.5 
10.1 
10.3 
9.86 

9.8 
9.6 
9.6 
10.3 
11.1 

11.95 

12.2 

12.6 

12.5 

12.2 

11.86 

12.0 

12.1 

12.06 

11.8 

11.7 

11.66 

11.6 

11.96 

12.1 

12.06 

12.0 

11.4 

11.  a 

10.6 

10.4 

10.35 
10.5 
10.55 
10.6 

ia3 

10.0 
9.85 
9.6 
9.9 

10.6 

11.35 
U.9 
12.15 
12.15 
12.15 

12.15 

12.2 

11.8 

11.6 

11.5 

11.1 

10.75 

10.7 

10.7 

10.85 

10.75 
10.65 
10.45 
10.15 
9.9 

9.86 

9.6 

9.15 

9.3 

8.95 

9.0 
8.9 
&45 
&3 
&26 

7.95 

7.8 

7.86 

7.7 

7.6 

ao 

7.56 

7.3 

a95 

a6 

6.6 
a55 
6.15 
6.1 

ao5 

5.95 
6.9 

a  16 
ai 
ao5 
ao5 

10.51 
9.4 

a2 
a  05 
as 
a  65 
a45 

a3 
a3 
ao6 

7.9 
7.86 

ao 
ai 
a96 

11.75 
11.75 

11.16 

11.66 

11.05 

10.5 

10.5 

10.26 
10.1 
9.9 
9.8 
9.7 

9.4 
9.4 
9.2 
a95 
a85 

a8 

a75 

a35 

a25 

a2 

a2 
ai 
a  15 
a  26 
ao5 

7.9 

7.75 

7.8 

7.85 

7.7 

7.86 
a55 
a75 

a3 
as 

a3 
a3 
a35 
a3 
a2 

a36 
a4 
a35 
a  15 
ao 

a  15 
a  16 
ao6 
ao5 
a  16 
ao 

ao 
ao 
ao6 

7.9 
7.8 

7.8 

7.95 

7.76 

7.7 

7.65 

7.7 

7.6 

7.65 

7.8 

7.9 

7.9 

7.8 

7.76 

7.7 

7.75 

7.7 

ao 

a  25 
a25 
7.95 

7.85 

ao 

7.75 
7.8 
7.85 

&1 

a36 
a45 
a  26 
a45 

a5 

as 

as 

as5 

a45 

a5 

a25 

a2 

7.96 
7.8 

7.7 
7.66 

ao5 

19 

as 

20 

a  16 

21 

7.8 

22 

7.6 

23 

7.66 

24 

7.5 

26 

7.5 

26-... 

7.46 

27 

7.3 

28 

7.2 

29 

7:15 

30 

7.1 

81 

7.0 

1 

Note.— No  flow  July  28  to  August  20. 

Daily  discharge,  in  seamd-feet,  of  Rio  Grande  near  El  Paso,  Tex.,  for  1909. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

425 

a445 

470 

425 

a420 

420 
420 
380 
0275 
106 

76 

316 

350 

a  370 

620 

a  610 
420 
480 

a420 
345 

290 
260 
260 
350 
330 

320 
330 
330 
330 
320 
355 

426 
426 
836 
365 
a396 

305 
265 
260 
a350 
390 

435 

a455 

360 

365 

a390 

390 
310 
a245 
205 
190 

aSSO 
330 
300 
205 

«160 

155 

165 

a  165 

365 
340 
a  185 
95 
66 

aS5 

25 

10 

a340 

645 

590 
915 
al,110 
965 
985 

a890 
885 
730 
465 

a335 

i290 
350 
395 
a  415 
735 

600 
465 

a395 
395 
290 

a  185 

175 
165 
a230 
200 
190 

a  116 

1,460 
1,620 
02,150 
2,300 
2,030 

02.000 

3,040 
3,130 
o3,160 
3,070 
2,830 

o2,460 
2,280 
1,980 

o2,420 
3,500 

4,670 

05,530 

6,110 

6,190 

06, 270 

6,300 
6,430 
5,380 
04,970 
4,830 

4,250 

03,740 

3,560 

3,440 

03,530 

3,470 
3,380 

03,210 
2,670 

o2,170 

2,030 
1,710 
1,170 
1,350 
930 

990 
890 
630 
440 
415 

296 
250 
265 
220 
160 

310 
175 
126 
a80 
30 

40 

a36 

20 

16 

a  15 

10 
5 

a30 
26 
20 

020 
02, 680 

1,910 
600 
o540 
1,420 
1,250 
01,010 

876 
875 
o635 
535 
520 

a625 

780 

1.840 

05, 140 

5,140 

3,820 
04,880 
3,980 
3,290 
03, 290 

2,820 
2,540 
02,260 
2,130 
2,020 

1,670 
al,670 

1,450 
01, 170 

1,090 

1,070 

01, 060 

790 

725 

0600 

600 
600 
a645 
735 
560 

0430 
300 
340 

o386 
265 

385 

01,000 

1,160 

756 

755 

0  765 
636 

o560 
550 
490 

660 

705 

660 

0600 

.450 

500 

0500 
460 

0465 
520 

0  416 

400 
380 
0380 
340 
310 

0310 
335 
300 

0290 
280 

290 

o275 

290 

336 

a365 

376 
345 
0330 
310 
320 

0290 
420 
530 

o635 
876 

320 
0400 
300 
325 
345 

0460 

2 

655 

3 

760 

4 

630 

6 

o820 

6 

760 

7 

115     1,790 

90     1,790 

a65   a2.640 

560 

8 

480 

9 

0435 

10 

645 

810 

a680 

410 

295 

a320 

a275 
370 
215 

a  215 
1,640 
2,880 
03,630 
3,780 

3,780 

03,300 

2,460 

2,050 

al,460 

4,160 

5,770 

06, 240 

6,830 

6,830 

06, 250 

5,640 
6,040 
06,350 
6,090 
5,430 

06, 070 
4,990 
4,900 
6,500 
6,760 

05,670 
5,600 
4,670 
4,050 

03, 430 
3,120 

490 

11 :.    ..  . 

616 

12 

0390 

13 

366 

14 

280 

16 

0236 

16 

215 

17 

206 

18 

375 

19 

0475 

20 

425 

21 

22 

300 
225 

23 

210 

24 

0  190 

25 

190 

26 

180 

27 

160 

28 

0I45 

29 

135 

30 

130 

81 

olio 



NoTB.— No  flow  July  28  to  August  20. 


o  Date  of  measorement. 
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48  SUEFACE   WATER  SUPPLY,   1909,  PART  VIII. 

Monthly  discharge  of  Rio  Grande  near  El  Paw,  Tex.,  for  1909. 


Month. 


Discharge  in  second-feet. 


Hfifrlmnm.    \ftn!nniTti,       MeUl. 


Run-off 
(total  in 
acre-feet). 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

Decembo* 

The  year 


620 

455 

1,110 

3,780 

6,830 

6,430 

2,030 

2,680 

5,140 

1,160 

535 

820 


76 

155 

10 

66 

1,450 

1,060 

0 

0 

620 

265 

275 

110 


6,830 


309 

468 

1,034 

4,392 

3,932 

403 

310 

1,979 

575 

347 

371 


1,207 


22,324 

17,177 

28,700 

61,527 

270,060 

233,970 

24,803 

19,031 

117,759 

35,345 

20,268 

22,820 


873,834 


RIO   GRANDE   ABOVE   PRESIDIO,   TEX. 

This  station  was  established  April  4,  1900,  by  the  International 
Boundary  Commission.  It  was  originally  located  9  miles  above  Presidio 
and  18  miles  above  the  mouth  of  Rio  Conchos,  one  of  the  principal 
tributaries  of  the  Rio  Grande,  and  about  200  miles  below  El  Paso. 
The  station  was  in  a  straight  stretch  of  the  river,  but  in  the  bight  of 
a  long  bend.  In  1905  the  river  began  to  erode  a  cut-oflF  across  this 
bend,  and  the  spring  flood  of  1905  deepened  this  channel  to  such  an 
extent  that  more  water  passed  through  it  than  through  the  station, 
and  it  became  necessary  to  abandon  the  location.  In  September, 
1905,  the  station  was  moved  8  miles  farther  upstream  and  rebuilt. 
Its  location  was  far  enough  above  the  mouth  of  Rio  Conchos  to  be 
free  from  the  effects  of  backwater  from  that  stream.  Caving  banks 
necessitated  the  abandonment  of  this  upper  site,  and  the  station  was 
moved  back  to  the  original  site,  at  the  Haciendita,  July  6,  1909.  A 
new  gage  was  established  whose  readings  are  not  comparable  with  the 
old  ones.  Changes  of  river  bed  have  closed  the  crevasse  which 
threatened  in  1905,  and  frequent  discharge  measurements  are  neces- 
sary to  determine  closely  the  daily  discharge. 

The  observations  at  this  station  during  1909  have  been  made 
under  the  direction  of  the  United  States  section  of  the  International 
Boundary  Commission. 
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Discharge  measurements  of  Rio  Grande  above  Presidio^  Tex.y  in  1909, 
[ByW.T.MUllngton.] 


Date. 

Area  of 
section. 

Qase 
hei^t 

Dis- 
charge. 

Date. 

Area  of 
seotion. 

bS^t 

Dis- 
charge. 

Jan.     3    

80 
83 
91 
82 
62 
110 
128 
92 
63 
63 
62 
70 
97 
73 
77 
72 
70 
71 
64 
49 
45 
26 
23 
145 
94 
76 
74 
34 
69 
43 
38 
21 
526 
478 
333 
436 
307 
572 
760 
968 
1,035 
1,040 
1,049 
941 
870 
798 
976 
856 
1,052 
968 
1,099 
906 
842 
733 

FeeL 
3.7 
3,5 
3.6 
3.55 
3.45 
3.3 
3.6 
3.6 
3.45 
3.3 
3.2 
3.2 
3.35 
3.6 
3.3 
3.3 
3.4 
3.3 
3.25 
3.3 
3.1 
2.9 
2.75 
2.6 
4.0 
3.7 
3.3 
3.0 
2.6 
3.0 
2.8 
2.8 
2.6 
5.7 
5.6 
4.6 
5.2 
4.5 
5.8 
6.3 
6.9 
7.0 
6.4 
6.5 
6.0 
5.5 
5.3 
5.9 
6.3 
6.9 
6.9 
6.9 
6.1 
5.9 
5.5 

Sec.-ft. 

163 

105 

99 

129 

141 

88 

160 

195 

139 

94 

86 

77 

103 

115 

99 

96 

101 

95 

90 

09 

43 

32 

18 

13 

223 

116 

79 

73 

28 

78 

56 

42 

12 

2,308 

1,157 

547 

992 

493 

2,586 

3,474 

5,158 

4,399 

4,076 

3.815 

2,539 

1,920 

1.550 

3,250 

3,007 

4.832 

3,160 

5,514 

3.607 

2,483 

1,631 

Jnlv    6 

435 

285 
201 
73 
150 
120 
126 
173 
80 
81 
61 
22 
148 
20 
75 
152 
129 
133 
842 
623 
535 
422 
338 
278 
210 
195 
203 
155 
137 
192 
222 
224 
229 
213 
175 
173 
148 
129 
121 
107 
92 
118 
121 
121 
152 
146 
180 
188 
187 
184 
176 
155 
162 
120 

FeeL 
&6 
8.4 
7.4 
6.7 
5.4 
6.3 
5.0 
6.0 
6.36 
6.4 
5.4 
5.2 
4.5 
7.2 
4.4 
5.6 
6.6 
6.3 
6.4 
10.95 
9.76 
9.3 
8.8 
&2 
7.68 
7.2 
6.9 
6.9 
6.8 
6.45 
6.9 
7.1 
7.1 
7.3 
7.0 
7.1 
7.0 
6.9 
6.8 
6.7 
6.6 
6.6 
6.8 
6.8 
6.6 
6.9 
6.9 
7.1 
7.3 
7.4 
7.4 
7.2 
7.0 
7.2 
6.9 

1,406 
626 

6 

^  S:::::::::::::::::: 

9            

12 

12 

15 

280 

15 

18 

66 

18 

21 

171 

21 

24 

97 

24 

27 

106 

27 

30 

Aug.    3 

180 

30      

73 

Feb.    3 

^  6:.:::::..:::::::;: 

60 

6 

9 

36 

9 

12 

8 

12 

14 

826 

15 

18 

8 

18 

Sept.    2 

41 

21 ,. 

162 

24 

8 

119 

27 

11 

130 

If^r.    ? 

14 

6,763 
2,840 
1,860 
1,138 
601 

6 

17 

9      

20 

12 

.             23 

15 

26::::.::.  .:.:.:::. 

21 

i             29 

392 

24      

Oct.     3 

268 

27 

1               6 

191 

30      

1               9             .   ...     ..   . 

217 

Apr.    2 

'             12:::::::::::::::::: 

130 

15 

100 

8 

18 

219 

11      

21 

284 

14 

24 

268 

29 

27 

340 

May     2 

30 

233 

^     5 

Nov.    2 

187 

8 

5 

180 

11 

8 

128 

14 

11 

101 

16 

14 

86 

19 : 

17  

79 

22 

20 

66 

26 

23 

01 

30 

26 

100 

June    2 

29 

109 

5 

Dec.     3 

136 

8    

6 

130 

11 

9 

213 

14 

12 

244 

17 

15 

193 

20 

19 

155 

23 

21 

140 

26           

24 

174 

29 

27 

204 

July     2 

30 

131 

Note.— Gage  heights,  July  6  to  December  30,  taken  on  new  gage,  whoee  readings  are  not  comparable 
with  old  gage. 
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Daily  gage  height y  infut,  of  Rio  GroTide  above  PreMiOy  Tex.  ^  for  1909, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

3.7 
3.7 
3.66 
3.6 
3.6 

a6 

3.6 
3.6 
3.6 
a65 

3.6 
3.6 
3.6 
3.6 
a45 

3.4 
3.4 

a3 

3.35 

a6 

3.6 
3.6 
3.6 
3.6 

a5 

3.6 
3.45 
3.4 
3.3 
3.25 
3.2 

3.2 

3.3 

3.25 

3.25 

3.2 

3.2 
3.2 
3.2 
3.35 
3.6 

3.6 
3.6 
3.45 
3.3 
3.3 

3.3 
3.2 

a3 

3.4 

a4 

3.4 
3.25 
3.3 
3.3 
3.36 

3.2 
a25 
3.1 

3.1 

ai 

33 
Z.2 
3.1 

ai 

2.95 
2.9 
2.9 
2.85 

2.86 

2.8 

2.7 

2.65 

2.6 

2.6 

2.6 
2.6 
3.2 
3.1 
3.0 

2.9 
2.8 
2.8 
2.8 
2.8 

2.8 
2.7 
2.7 
2.6 
2.6 

6.15 

6.6 

4.86 

4.7 

4.65 

4.7 
5.0 
5.25 
6.05 
4.7 

4.65 
4.8 
6.3 
5.8 
6.0 

6.3 
6.6 

a8 

6.85 
7.0 

7.05 

7.0 

7.1 

7.16 

6.75 

6.4 

6.3 

6.46 

&6 

6.6 

&6 

s 

6.3 
5.96 
6.75 
6.66 
6.65 

6.5 

5.4 

5.35 

6.85 

5.9 

6.9 
6.96 
6.05 
&3 
6.65 

6.65 
6.85 
6.65 
6.9 
&9 

6.9 
&95 
6.9 
6.65 
&05 

6-1 

6.8 

6.85 

6.9 

6.7 

6.7 

6.45 

5.2 

5.06 

6.0 

8.6 
8.95 
10.4 
7.8 
7.85 

8.16 

7.3 

&95 

6.7 

6.7 

6.5 

6.95 

5.3 

6.3 

6.3 

6.26 
6.05 
6.95 
5.9 
5.8 

5.85 
6.0 
7.4 
7.6 
6.6 
5.95 

5.06 
6.55 
5.4 
5.65 
6.45 

6.45 

6.3 

6,2 

6.1 

4.85 

4.65 
4.45 
6.8 
8.7 
5.45 

4.95 
4.7 
4.4 
4.65 
45 

4.3 

6.25 

6.45 

6.6 

6.7 

6.45 

6.85 
6.9 
6.2 
6.85 
6.35 

6.3 
&65 
ia25 
11.0 
11.15 

10.45 
9.76 
9.85 
9.46 
9.3 

9.5 
8.8 
&8 
&6 
8.36 

a  16 
7.9 
7.66 
7.66 
7.45 

7.6 

7.35 

7.15 

7.0 

6.9 

6.9 
6.85 
6.8 
6.85 
"6.85 

6.95 
6.8 

a7 

6.65 
6.45- 

6.4 

&46 

6.95 

7.1 

7.06 

7.15 

7.2 

7.15 

7.15 

7.2 

7.1 

7.25 

7.1 

7.0 

7.0 

7.1 

7.1 

7.05 

6.95 

6.95 

&95 

6.9 
6.9 

a9 

&86 
6.8 

6.8 

a7 

6.7 
6.75 
6.7 

6.65 
6.6 
6.66 
&6 
6.6 

&6 
6.6 

as 
a8 
a8 

a8 
as 
a66 
a6 
a6 

7.06 

2 

7.0 

3 

a9 

4 

ass 

5 

a9 

6 

as 

7 ^  . 

a9 

8 

as 

0 

7.15 

10 

7.2 

11 

7.2 

12 

7.3 

13 

7.36 

14 

7.3 

16 

7.3 

16 

7.3 

17 

7.3 

18 

7.45 

19 

3.8 
4.0 

4.0 
3.9 
a76 
3.7 
3.6 

3.46 

3.3 

3.2 

3.1 

3.0 

2.9 

5.7 
5.7 

7.4 

20 

7.3 

21 

7.2 

22 

7.0 

23 

7.0 

24 

a95 

26 

a9 

26 

7.16 

27 

7.1 

28 

7.0 

29 

7.0 

30 

a9 

31 

as 

Note.— On  July  6  station  was  moved  back  to  "The  Haclendita,"  8  miles  above  mouth  of  Cxmchas, 
and  a  new  gage  established  not  comparable  with  old  gage. 
No  flow  March  17-18,  April  16-27,  August  22-31. 

Daily  discharge,  in  second-feet,  of  Rio  Grande  above  Presidio,  Tex.,  for  1909. 


Day. 


1. 
2 
3. 
4 
6. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27. 
28 
29 
30 
31. 


Jan. 


166 
165 
a  160 
136 
136 

a  105 
120 
110 

a  100 
120 

125 

a  140 

150 

140 

a  140 

125 
125 
a90 
100 
140 

ol70 
180 
190 

a  195 
160 

160 

a  140 

125 

95 
a85 

80 


Feb. 


85 
90 
a90 
90 
80 

a  75 

80 

86 

a  106 

110 

115 

a  115 

110 

100 

a  100 

100 
90 
a95 
100 
100 

a  100 

90 

96 

a96 

100 

86 

a90 

75 


Mar. 


70 
65 
a70 
55 
45 

a45 
36 
30 

a30 
25 

26 

a20 

16 

16 

a  16 

10 

0 

0 

155 

225 

a225 
185 
136 

a  116 
105 

95 
a80 

80 

75 
o76 

70 


Apr. 


30 
a30 
100 

90 
a80 

65 
55 
a65 
60 
45 

a40 
25 
25 

a  10 
10 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

0 

210 

a2,310 

2,310 


May. 


2,430 

al,100 

700 

610 

0  610 

620 

846 

al,030 

885 
635 

a530 

976 

V,780 

12,690 

2,940 

03,480 
4,320 
4,880 

o6,020 
5,000 

4,770 
04,400 
4,670 
4,870 
4,440 

o4,080 
3,840 
3,950 
3,920 

o3,920 
3,920 


June. 


8,370 
02,480 
2,230 
2,100 
ol,980 

1,920 
1,740 
ol,660 
3,110 
3,250 

03,250 
3,000 
2,850 

o3,010 
3,770 

4,070 

04,680 

3,580 

3,720 

o3,160 

3,960 
4,830 
o5,510 
4,680 
3,490 

o3,610 
2,410 
2,440 

o2,480 
2,060 


July. 


2,060 
ol,580 
1,330 
1,180 
1,130 

ol,740 
2,440 
5,340 
o976 
1,020 

1,280 

^675 

410 

290 

o290 

255 
155 
o45 
170 
170 

ol60 

125 

105 

o95 

90 

90 

0  105 

025 

725 

o250 

140 


Aug. 


105 
95 
o75 
110 
80 

o80 
65 
35 

030 
20 

10 

o5 

285 

o925 

130 

70 
40 
olO 
20 
15 

5 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 


Sept. 


30 

o40 

40 

190 

ol50 

265 
280 
olio 
75 
135 

125 

175 

4,870 

o5,830 

6,060 

4,450 

o2,840 

2,990 

2,170 

ol,860 

2,150 

1,140 

01,140 

915 

800 

o670 
655 
440 

O390 


Oct. 


380 
320 
o245 
216 
190 

ol90 
186 
180 

o200 
185 

200 

ol40 

130 

115 

olio 

100 
110 
o235 
285 
266 

o300 
310 
290 

o285 
305 

270 
o320 

270 

235 
o235 

265 


Nov. 


225 

ol85 

175 

175 

a  170 

150 
140 
ol30 
115 
100 

a  100 


o90 
90 

85 

o80 

70 

70 

o65 

65 
66 
o90 
96 
106 

olio 
120 
105 

olio 
110 


Dec. 

150 
145 
al35 
125 
135 

al20 
140 
120 

0220 
230 

230 
o245 


o  Date  of  measurement. 
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Month. 


Discbarge  in  seoond-feet. 


Mftsdmoni. 


'mnjmiTm, 


Mean. 


Run-off 
(total  in 
acre-feet). 


January 

February 

Marcb. 

AprlL 

May 

June 

July 

August 

September 

October 

November 

December 

The  year. 


196 

115 

225 

2,310 

5,020 

5,510 

5,340 

925 

6,060 

380 

225 

245 


80 

75 

0 

0 

510 

1,660 

45 

0 

30 

100 

65 

105 


134 

94 

71 

185 

2,828 

3,146 

806 

71 

1,375 

228 

112 

163 


6,060 


768 


8,251 
5,246 
4,344 

10,988 
173,871 
187,200 

49,478 
4,364 

81,808 

14,103 
6,664 

10,046 


556,273 


RIO   GRANDE   BELOW   PRESIDIO,   TEX. 

The  station  was  established  April  8,  1900,  by  the  International 
Boundary  Commission.  It  is  6  miles  below  Presidio,  7  miles  below  the 
mouth  of  the  Rio  Conchos,  and  about  215  miles  below  El  Paso.  It 
is  at  the  west  end  of  the  canyon  section  of  the  Rio  Grande.  The 
discharge  at  this  station  minus  the  discharge  at  the  station  above 
Presidio,  Tex.,  is  the  discharge  of  Rio  Conchos,  except  at  rare  inter- 
vals, when  some  rain  water  enters  the  Rio  Grande  from  the  north. 

The  river  is  fairly  straight  at  the  station  and  for  one-fourth  mile 
above  and  below.  The  right  bank  is  a  rocky  bluflF.  The  left  bank  is 
an  alluvial  deposit  and  overflows  for  750  feet  back  from  the  river, 
where  gravel  hiUs  are  found.  The  bed  is  of  shifting  sand  and  is 
aflFected  by  a  drainage  line  called  Alamos  Creek,  which  reaches  the 
river  one-fourth  mile  below  the  station.  This  creek  is  subject  to 
torrential  floods,  which  bring  large  quantities  of  bowlders  and  gravel 
into  the  Rio  Grande,  forming  a  temporary  dam,  which  remains, 
throwing  backwater  onto  the  gage,  until  a  flood  in  the  river  scours  it 
out.  The  extreme  floods  come  from  the  Rio  Conchos,  the  highest 
recorded  gage  height  being  26.35  feet  on  September  11,  1904.  Fre- 
quent discharge  measurements  are  made  to  determine  closely  the 
daily  flow. 

The  observations  at  this  station  during  1909  have  been  made  under 
the  direction  of  the  United  States  section  of  the  International  Boundary 
Conmiission. 
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52  SURFACE   WATER  SUPPLY,   1909,  PART  VIII. 

Discharge  measurements  of  Rio  Grande  below  Presidio ^  Tex,^  in  1909, 
(By  W.  T.  MOllngton.! 


Date. 

Area  of 
section. 

hei^t. 

Dis- 
charge. 

Date. 

Area  of 
section. 

he^t. 

Dis- 
charge. 

Jan.    4         

Sq.ft. 

650 

625 

626 

.589 

602 

596 

593 

088 

627 

605 

659 

626 

623 

612 

617 

561 

547 

506 

495 

482 

510 

608 

443 

423 

406 

554 

465 

428 

403 

425 

433 

379 

382 

352 

324 

305 

329 

338 

1,127 

1,236 

1,145 

1.203 

1,172 

904 

1.116 

1,256 

1,359 

1,350 

1,338 

894 

805 

753 

666 

1,791 

1,.505 

1,512 

1,242 

1,013 

1,117 

Feet. 
6.8 
6.8 
6.8 
6.8 
6.8 
6.7 
6.8 
6.8 
6.8 
6.6 
6.8 
6.7 
6.8 
6.75 
6.7 
6.6 
6.55 
6.6 
6.6 
6.5 
6.6 
6.45 
6.35 
6.3 
6.2 
6.85 
6.6 
6.4 
6.25 
6.3 
6.35 
6.2 
6.1 
6.0 
5.95 
5.9 
5.9 
5.9 
7.4 
8.0 
7.7 
7.8 
7.7 
7.9 
8.6 
8.9 
9.05 
9.1 
9.1 
8.6 
8.4 
8.3 
8.0 
10.7 
10.2 
10.1 
10.35 
9.5 
9.7 

704 

781 

603 

652 

564 

509 

665 

501 

491 

900 

616 

617 

601 

560 

481 

446 

358 

357 

272 

238 

208 

143 

158 

174  , 

474  ' 

340 

280 

312 

393 

406 

307 

351 

320 

276 

197 

190  , 

202 

1,128  ' 

2.740 

2.054 

2,548 

2,08.5 

1.470 

3.719 

5,983 

5.462 

6,338 

4.. 509 

1,500 

1,286 

1,036 

719 

6,958 

5,242 

4,361 

6,059 

3,565 

4,327 

July    7 

Sq.ft. 

2.137 

2.434 

2.201 

1,760 

1,260 

1,217 

1.130 

1,410 

1,656 

1,552 

1.534 

1,663 

1,546 

1,835 

2,388 

1,767 

1,476 

1,486 

1,152 

2,448 

1.610 

1,385 

1,740 

2,305 

2.406 

2,087 

1,763 

1,320 

1,188 

019 

848 

780 

799 

614 

653 

646 

604 

628 

681 

680 

561 

664 

658 

650 

626 

609 

611 

612 

614 

643 

618 

594 

588 

675 

500 

536 

531 

1.971 

1,209 

Feet. 
11.9 
12.8 
12.15 
10.7 
9.6 
9.4 
9.0 
10.15 
10.3 
10.4 
9.75 
10.4 
10.3 
10.76 
11.8 
10.2 
9.66 
9.6 
8.6 
12.7 
9.9 
9.0 
9.8 
11.2 
11.4 
10.6 
9.8 
9.2 
8.6 
8.2 
8.1 
7.9 
7.8 
7.6 
7.8 
7.7 
7.7 
7.7 
7.6 
7.4 
7.3 
7.3 
7.2 
7.2 
7.1 
7.1 
7.1 
7.1 
7.0 
7.1 
7.0 
7.2 
7.3 
7.2 
7.2 
7.1 
7.1 
10.85 
9.0 

5fc.yt 
10.407 

7 

^10  :::::::..:.: 

14,819 

10      

13 

10,396 

13 

16 

5,945 

16  

19 

2,467 
2,530 

19 

22 

22 

25 

1,993 

25   . 

28    

4,030 

28 

31 

4,466 

31 

Aug.    4 

6,060 

Feb.   4 

6,001 

7 

10 

7,110 

10 

13 

6,735 
8,114 

14 

16 

16 

19 

12, 167 

19         .- 

22 

7,619 

22 

25 

4,215 

25 

2S 

4,965 

28 

31 

2,360 

If f\r.   4          . 

Sept.  3 

H  ?n 

7 

6 

6,380 

10 

9 

4,011 

13 

12 

7,578 

16 

15 

10.796 

19 

18 

12,633 

22 

21 

7,634 

25 

24 

5,298 

28 

27 

3,564 

31 

30 

2,480 

Apr.   3 

Oct.    4 

1,702 

7 

1,411 

9 

10 

1,066 
981 

12 

13     

15 

16 

911 

18 

19         

1,072 

21 

22 

1,084 
935 

24  .   ...               .     . 

25 

27 

28 

1,094 

30 

31    

702 

Mav    1 

Nov.  3 

755 

^  i               : 

6 

644 

7 

9 

625 

10 

12 

595 

13 

15 

580 

17                .       .       .. 

18 

529 

20 

21 

463 

24                

24 

506 

27 

27 

466 

31 

30 

478 

Junp   3 

Dec.   4 

584 

6  ... 

7 

512 

9 

10 

630 

12. 

13 

539 

15 

16 

468 

18 

20 

596 

21 

23 

486 

24 

26 

500 

27 

28 

8,492 

30 

31 

3,205 
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Day. 

Jan. 

6.7 
6.7 
6.9 
6.8 
6.8 

6.8 

6.8 

6.85 

&8 

6.8 

6.86 

6.8 

6.8 

6.8 

6.8 

6.8 

6.75 

6.7 

6.7 

6.7 

6.8 
6.8 
&8 
&9 
6.8 

&8 

6.8 

6.75 

6.7 

6.7 

6.6 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

9.65 

9.65 

9.3 

9.2 

9.2 

11.0 

11.55 

12.6 

12.5 

12.8 

12.3 
12.8 
12.0 
11.16 

ia4 

10.65 
ia45 
9.96 
9.5 
9.65 

9.55 

9.36 

9.1 

9.0 

9.0 

9.75 
9.8 

ia2 
ia5 

ia45 

ia35 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

a7 

6.7 

6.75 

6.8 

as 

6.7 
6.7 
&7 
6.7 
6.76 

6.8 

6.8 

6.8 

6.75 

6.7 

6.7 
6.7 
6.7 
&6 
6.6 

6.6 

6.65 

6.5 

6.5 

&55 

6.6 

a6 

6.6 

6.6 

6.55 

6.6 

6.5 

6.5 

6.5 
6.5 
6.6 
6.4 
6.4 

6.4 
6.4 
6.4 
6.4 
6.35 

6.3 

6.25 

6.2 

6.2 

6.85 

6.85 
6.8 

a8 

6.7 
&6 

6.55 
6.6 
6.4 
6.4 

a3 

6.2 

6.15 

6.2 

6.3 

6.4 

6.3 

6.3 
6.2 
6.2 
6.2 
6.2 

6.1 
6.1 
6.1 
6.1 
6.0 

6.0 
6.0 
6.0 
6.0 
6.0 

5.9 
5.9 
5.9 
5.9 
5.9 

5.9 
5.9 
5:9 
7.4 
7.4 

7.86 

8.0 

7.86 

7.65 

7.6 

7.5 

7.85 

7.9 

7.95 

7.7 

7.6 

7.6 

7.85 

&1 

8.36 

8.6 
&6 
a  75 

&85 
8.95 

9.0 
9.05 
9.05 
9.05 
9.1 

9.1 

9.1 

9.05 

9.15 

9.1 

0.1 

&95 
a75 
&55 
8.45 
&4 

&4 
8.4 

a3 

8.3 
8.25 

&15 
8.0 
8.1 
&36 
ia55 

9.6 

lao 
ia3 
iai6 
lai 

iai6 

10.4 

ia66 
ia3 

0.75 

9.65 

0.46 

9.3 

9.5 

9.7 

10.85 

11.2 

ia65 

ia46 

10.5 

ia5 

9.75 

iao5 

lai 

ia46 

ia3 
ia-3 
ia35 

10.85 

ia4 
las 

11.7 
11.8 
11.65 
10.8 

10.45 

lai 

9.75 
9.95 
9.66 

9.05 

9.8 

9.6 

9.6 

8.75 

&6 

9.5 
12.15 
12.5 
11.25 
ia25 

9.96 

9.46 

9.1 

9.1 

9.65 

iai5 

9.9 
ia66 
11.1 
11.2 

11.6 
11.4 
11.4 
11.0 
ia95 

10.5 

ia4 

10.05 
9.85 
9.56 

9.26 

9.2 

9.1 

a7 

&6 

8.5 
8.4 
8.3 
8.2 
8.2 

8.16 

8.1 

8.0 

8.0 

7.9 

7.9 

7.86 

7.75 

7.6 

7.6 

7.6 

7.6 

7.75 

7.8 

7.7 

7.7 
7.75 
7.7 
7.7 

7.7 

7.6 
7.6 
7.7 
7.6 
7.5 
7.5 

7.5 
7.4 
7.4 
7.4 
7.3 

7.3 
7.3 
7.3 
7.3 
7.3 

7.2 
7.2 
7.2 
7.2 
7.2 

7.2 
7.1 
7.1 
7.1 
7.1 

7.1 
7.1 
7.1 
7.1 
7.1 

7.1 
7.1 
7.0 
7.0 
7.0 

7.05 

2 

7.1 

3 

7.1 

4 

7.1 

5 

7.05 

6 

7.0 

7 

7.0 

8 

7.0 

9 

7.1 

10 

7.15 

11 

7.3 

12 

7.3 

13 

7.25 

14 

7.2 

15 

7.15 

16 

7.2 

17 

7.1 

18 

7.15 

19 

7.2 

20 

7.2 

21 

7.2 

22 

7.1 

23 

7.1 

24 

7.1 

26 

7.1 

26 

7.1 

27 

7.15 

28 

ia75 

29 

9.9 

30 

9.2 

31 

9.0 

Daily  dischargey  in  second-feety  of  Rio  Grande  below  PresidiOy  Tex.  y  for  1909. 


Day. 


1. 
2. 
3 
4. 
5. 

6. 
7 
8. 
9. 
10. 

11. 
12. 
13. 
14, 
15. 

16. 
17. 
18. 
19. 
20. 

21, 
22. 
33. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


Jan. 


640 
675 
815 
a800 
770 

735 

o706 

755 

755 

a  780 

746 
6G5 
O605 
620 
635 

a650 
610 
575 

o5«5 
530 

545 

a  510 

560 

665 

a665 

610 
655 

a  475 
480 
510 

0490 


Feb. 


Mar. 


635 
695 
795 
a900 
830 

685 

o615 

600 

685 

a500 

615 
615 
615 
a590 
570 

o670 
655 
545 

a  480 
480 

475 

a  445 

386 

345 

a  335 

3G0 

360 

a355 


355 
310 
270 
a270 
260 

250 

a24p 

240 

180 

a  180 

180 
175 
ol65 
175 
165 

a  160 
160 
160 

ol75 
476 

475 

a450 

450 

400 

a350 

330 
315 

a280 
310 
300 

a290 


Apr.     May. , 


290 
330' 
a  395 
420 
395, 

a  395' 
335, 
3201 

a  305' 
335 

325 

a  350 

350 

350 

a  320 

310 
300 
a300 
275 
25.5 

a  105 
195 
190 

a  190 
195 
200 

o200 
200 

1,130 
a,  130 


a  2, 340 
2,740 
2,400 

al,900 
1,450 

1,450 

a 2, 700 

2,850 

3,000 

0  2,090 

1,380 

980 

al,320 

2,110 

2,910 

3,400 

a3,720 

4^620 

5,380 

a  6, 130 

6,040 
6,940 
6,700 
a  5, 450 
5,510 

5,430 
a  5, 340 
4,980l 
5,070 
4,720 
a  4, 510 


June. 


3,610 

2,400 

01,450 

1,340 


190 
190 
220 
950 
1,290|    2,950 


al,290 
1,240 
1,090 

ol,040 


875 
a720 

950 
1,530 


4,560 

06,540 

4,900 

4,550 


5.580 

6,640 

o5,910 

4,300 

4,010 

o3,460 
3,160,0  4, 
3,740     5, 

o  4, 3301    4, 

i"^' 


July.     Aug. 


7,t 
a9,4 
13,8 
13,3 


920 
440 
840 
350 
985|ol4,820 

420 
820 
940 
330 
0  6,6101    5,020 


14,  S 


3,190  05,790 

220 

770 


310  12, 

5;  220   11,770   12, 

3,770   12,160al2, 

02,470  oil,  730|  10, 

2,780     9,320^  10, 

04,510     2,700     8, 320' o  7, 

-"^     "  320'    7, 

680  6, 
700  05, 
210,    4, 


460 
130 
990 
990 

320 
410 
180 
050 
900 
610 


6, 

06, 
7, 
6,720;ol0, 


Sept. 


4, 

12, 

ol3, 

10, 

7, 

06, 

5, 

4, 

04, 


7,990     1,060 


10, 


810 
530 
570 
800 

410 
220 
630 
370 
090 

530 
210 
100 
440 
570 

710 
560 
380 
660 
480 


Oct. 


2,280 
2,090 
1,890 
01, 700 
1,660 

1,540 

o  1,410 

1,240 

1,240 

01, 070 


1,020 

o965 

910 

910 

0910 

910 

1,030 

o  1,070 

1,020 

1,050 

01,120 

1,030 

980 

0940 

910 
960 
ol,090 
935 
780 
0700 


Nov. 


740 
710 
0755 
750 
650 

o645 
640 
630 

0  625 
625 

505 
o505 


500  0505 


585 
0  580 


530 

0530 

605 

485 

0460 
475 


O505 
495 

480 

0465 

425 

450 

o480 


Dec 


630 
585 
685 
0585 
550 

510 

0510 

510 

575 

O605 

645 
505 


470 
436 


580  o470 


430 

495 

565 

0595 

505 
485 


490  0485 


490 
495 

o500 
550 

08,200 
5,780 
3,770 

03,200 


a  Date  of  measurement. 
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Monthly  discharge  of  Rio  Grande  below  Presidio,  Tex.  j  for  1909, 


Month. 

Discharge  in  8eoond4Bet. 

Run-off 
(totalin 
acre-fBet). 

Ifftylnnim. 

Minimum. 

Mean. 

Jftniiary , 

815 
900 
475 
1,130 
6,130 
6,640 
14,820 
12,160 
13,660 
2,280 

476 

335 

160 

190 

980 

720 

1,990 

2,360 

2,480 

700 

635 

658 

274 

349 

3,663 

3,160 

5,876 

6,616 

7,541 

1,175 

560 

1,139 

39,065 

February  \ , .                       

30,992 

March 

16,850 

April 

20,787 

May....: : : : :   .:  : ...: ::::::..::.::... 

225,243 

June 

188,033 

July 

361,329 

August 

406,810 

September 

448,740 

October                       

72,239 

November 

755  1               425 
8,200  1               430 

33,858 

Deoember 

70,016 

The  year 

14,820  1               160 

2,630 

1«  913, 962 

RIO   GRANDE   NEAR   LANQTRY,  TEX. 

This  station  was  established  in  April,  1900,  by  the  International 
Boundary  Commission.  It  is  located  one-half  mile  south  of  Langtry 
station,  on  the  Southern  Pacific  Railroad,  and  is  about  440  miles 
below  El  Paso,  Tex.,  at  the  east  end  of  the  canyon  section  of  the 
Rio  Grande,  and  a  short  distance  to  the  west  of  the  mouth  of  Pecos 
River,  one  of  the  principal  tributaries  of  the  Rio  Grande. 

The  right  (Mexican)  bank  is  a  rock  bluff;  the  left  bank  is  alluvial 
deposit  for  200  feet  back  to  a  rock  bluff.  As  the  river  is  constantly 
shifting,  because  of  alluvial  deposits,  frequent  discharge  measurements 
are  made  in  order  to  determine  closely  the  daily  flow. 

Observations  at  this  station  during  1909  have  been  made  under 
the  direction  of  the  United  States  section  of  the  International  Boundaiy 
Commission. 


Discharge  measurements  of  Rio  Grande  near  Langtry,  Tex.,  in  1909. 
[By  E.  E.  Winter.! 


Date. 


Jan.  2. 
7. 

12. 

18. 

23. 

28. 

Feb.     2. 

7. 

12. 

17. 

21. 

25. 

Mar.    2. 

7. 

13. 

17. 

22. 

28. 

Apr.     2. 

7. 

12. 


Area  of 
section. 

Gage 
height. 

c 

''A 

Feet. 
0.35 

'"■A 

413 

.5 

770 

378 

.35 

655 

388 

.4 

671 

398 

.4 

604 

403 

.4 

723 

383 

.4 

684 

371 

.3 

630 

376 

.3 

626 

371 

.3 

628 

375 

.35 

655 

370 

.3 

631 

348 

.3 

565 

350 

.3 

573 

337 

.25 

546 

350 

.25 

549 

310 

.1 

443 

305 

.06 

416 

333 

.16 

511 

318 

.15 

503 

317 

.06 

466 

Apr.  17. 

22. 

27. 

May     2. 

6. 

10. 

14. 

18. 

23. 

28. 

June    2. 

6. 

10. 

15. 

19. 

23. 

27. 

July     2. 

8. 

12. 

16. 


Sq.ft. 

Feet. 

298 

0.0 

291 

-  .05 

294 

-  .05 

281 

-  .05 

605 

L6 

471 

.95 

568 

1.6 

709 

1.8 

941 

2.8 

1,073 

3.16 

989 

3.0 

835 

2.3 

824 

2.3 

658 

1.8 

1,073 

3.2 

1,048 

3.1 

1,050 

3.2 

922 

2.7 

1,056 

3.5 

2,374 

7.5 

1,677 

6.1 

Sfc.-fi. 
420 
379 


1,506 
1,068 
1,379 
2,132 
3,991 
4,763 
4,486 
2,929 
3.027 
2,063 
4,919 
4.548 
4,761 
3,858 
5.316 
16,360 
9,501 
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Discharge  meantremenU  of  Rio  Oromde  near  Langtry,  Tex.,  in  1909 — Continued. 


Date. 


July  20. 

25. 

28. 

Aug.    3. 

12! 

16. 

21. 

24. 

28. 

Sept.    2. 

6. 

13. 

17. 

21. 

25. 

27. 

Oct.     ^. 

7. 


Area  of 

Oara 
height 

Dis- 

section. 

charge. 

'?:^ 

Ftet. 
3.9 

8ee.-ft.  1 
6,472 

1,209 

3.5 

5,374  ] 

1.260 

3.7 

6,301 

1,455 

4.45 

7.924 

1,474 

4.7 

8,952 

1,385 

4.05 

7,027  1 

1,463 

4.7 

9,180 

1,858 

5.8 

12,031 

1,336 

3.9 

6,869 

1,066 

3.1 

4,677 

862 

2.5 

3,336 

1,754 

5.35 

11,319 

1,131 

3.3 

5,482 

1,713 

6.15 

10,378 

1,642 

5.4 

11,112 

1,374 

4.0 

7.350 

1,199 

3.4 

6,783 

895 

2.45 

3,280 

746 

1.9 

2,333 

Date. 


Oct.  11 
15 
20 
24 
28 

Nov.  2 
7 
11 
15 
20 
24 
28 

Dec.  2 
7, 
11 
16 
22 


Area  of 
section. 


''■Si 

628 
505 
505 
504 
570 
535 
507 
509 
468 
457 
442 
444 
460 
458 
445 
450 


Gaffe 
height. 

Dis- 
charge. 

Fea. 
1.7 

n4 

1.6 

1,672 

1.0 

1,444 

1.0 

1,440 

1.0  • 

1,421 

•    .9 

1,296 

.85 

1,170 

.8 

1,074 

.8 

1,035 

.7 

985 

.7 

941 

.6 

849 

.55 

860 

^     .6 

912 

.6 

800 

.6 

839 

.6 

871 

.5 

834 

Daily  gage  height,  in  feet ,  of  Rio  Grande  near  Langtry,  Tex.,  for  1909. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

4.0 
4.05 
4.35 
4.95 
4.45 

4.66 
4.66 
4.45 
4.15 
3.7^ 

3.76 

4.1 

4.25 

4.2 

3.96 

4.55 
4.55 
4.75 
6.85 
5.95 

5.8 

4.8 

4.15 

3.65 

3.3 

3.1 

3.1 

3.15 

2.85 

2.55 

2.5 

Sept. 

2.5 

2.6 

2.55 

6.95 

6.76 

6.25 

4.15 

3.7 

3.46 

3.25 

2.9 

2.65 

3.06 

3.65 

3.8 

4.65 
5.15 
6.0 
6.0 
6.65 

5.3 

4.8 

4.16 

4.0 

3.9 

3.66 

3.4 

3.26 

3.0 

2.8 

Oct. 

Nov. 

Dec. 

1 

0.4 
.35 
.35 
.4 
.4 

.46 

.5 

.45 

.35 

.35 

.35 
.35 

0.4 

.35 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.36 

.3 

.3 

.3 

.36 

.35 

.35 

.35 

.3 

.3 

.3 

.3 

.3 
.3 
.36 

0.3 
.3 
.3 
.3 
.3 

.3 

.3 

.25 

.26 

.25 

.25 
.25 
.26 
.25 
.25 

.25 
.25 
.25 
.26 
.25 

.2 
-.1 
.1 
.1 
.1 

.1 

.1 

.05 

.05 

.05 

.05 

0.2 

.16 
.16 
.15 
.16 

.15 

.15 

.1 

.1 

.1 

.06 
.06 
.06 
.0 
.0 

.0 
.0 
.0 
.0 
.0 

-  .06 

-  .05 

-  .05 

-  .05 

-  .06 

-  .05 

-  .05 

-  .05 

-  .05 

-  .05 

-0.05 

-  .05 

-  .05 
.8 

1.85 

1.6 
1.46 
1.25 
1.05 
.95 

.9 
1.05 
1.65 
1.5 
1.3 

1.16 
1.55 
1.85 
2.05 
2.3 

2.6 

2.65 

2.85 

2.9 

3.05 

3.05 

3.1 

3.15 

3.15 

3.1 

3.05 

3.2 
3.0 
3.1 
2.9 
2.66 

2.4 

2.3 

2.25 

2.3 

2.3 

2.25 

2.25 

2.36 

2.1 

1.7 

1.15 

1.65 

3.16 

3.2 

3.2 

3.4 

3.05 

3.1 

3.3 

3.5 

3.45 
3.15 
3.05 
2.9 
2.6 

2.65 

2.7 

2.75 

2.7 

2.55 

2.6 

2.6 

3.3 

5.75 

6.55 

6.7 
7.55 
7.3 
7.2 

5.15 

5.1 

4.5 

3.95 

3.8 

3.65 

3.6 

3.7 

3.76 

3.6 

3.3 

3.46 

3.7 

3.46 

3.6 

3.66 

2.65 

2.45 

2.26 

2.1 

2.0 

2.0 
1.9 
1.8 
1.8 
1.7 

1.7 

1.65 

1.6 

1.6 

1.65 

1.4 

1.3 

1.25 

1.16 

1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
.9 
.9 
.9 

.85 

.85 

.85 

.8 

.8 

.8 

.8 
.8 
.8 
.8 
.8 

.75 

;6 

.56 
.66 
.55 
.55 
.6 

0.5 

2 

.65 

3 

.6 

4 

.6 

5 

.6 

6 

.6 

7 

.6 

8 

.6 

9 

.6 

10 

.6 

11 

.6 

12 

.6 

13 

.6 

14 

.6 

15 

.65 

16 

.5 

17 

.55 

18 

.6 

19 

.6 

20 

.6 

21 

.6 

22 

.6 

23 

.6 

24 

.6 

26 

.6 

26 

.56 

27 

.65 

28 

.6 

29 

.6 

30 

.6 

31 

3.76 
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Daily  discharge^  in  second-feet^  of  Rio  Grande  near  Langtry,  Tex,,  for  1909. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

3,850 
o3,280 
2.940 
2,680 
2,510 

2,510 
o2,330 
2,140 
2,140 
1,960 

ol,960 
1,850 
1,740 
1,710 

ol,650 

1,600 
1,560 
1,540 
1,500 
ol,440 

1.440 
1,440 
1,440 
ol,440 
1,440 

1,430 
1,430 
ol,420 
1,420 
1,410 
1,400 

Nov. 

Dec 

1 

710 
o660 
660 
696 
696 

730 
o770 
730 
666 
666 

666 
0656 
670 
670 
670 

670 
670 
o670 
675 
680 

685 
690 
o605 
700 
706 

710 
715 
o720 
715 
705 
700 

605 
0685 
685 
685 
686 

666 
o630 
630 
630 
626 

626 
o626 
625 
650 
630 

630 
o630 
666 
666 
666 

0665 
630 
630 
630 

0630 

620 
605 
615 

576 
o566 
566 
570 
670 

570 
o675 
660 
650 
650 

546 
646 
0546 
646 
646 

660 
o650 
646 
535 
530 

600 
0446 
445 
440 
436 

430 
430 
o415 
420 
426 
430 

640 
o610 
610 
610 
510 

505 
0606 
485 
486 
485 

465 
o466 
466 
430 
425 

426 
O420 
415 
410 
405 

386 
o380 
380 
380 
385 

385 
0385 
385 
390 
390 

o380 
380 
380 
990 

1,790 

01,600 
1,480 
1,320 
1,170 

ol,090 

1,060 
1,140 
1,410 
ol,380 
1,180 

1,030 
1,710 
02,220 
2.600 
3,060 

3,430 
3,710 
04,100 
4,210 
4,540 

4,.640 
4,660 
04,760 
4,760 
4,660 
4,560 

4,780 
^4.490 
4,710 
4,260 
3,710 

03,150 
2,950 
2.880 
3,000 

o3,030 

2,930 
2,930 
3,120 
2,640 
01,960 

1,410 
2.090 
4.830 
04,920 
4,880 

5,230 
4.490 
o4,550 
4,970 
5,400 

5,290 
O4.670 
4,490 
4,220 
3,680 

3,680 
03,860 
3,950 
3,860 
3,580 

3,490 
3,680 
o4,950 
11,530 
13,750 

14,170 
016,510 
15,800 
15.520 
12,790 

o9,650 
9,500 
7,990 
6,600 

06,200 

5,790 
6,660 
5,920 
6,060 
o5,370 

4,990 
5,520 
o6,300 
5,760 
6,080 
6,190 

6,960 
7,060 
o7,700 
9,420 
8,470 

8,660 
o8,860 
8,210 
7,320 
6,990 

6,140 
a7,190 
7,690 
7,520 
6,700 

08.690 
8,800 
9,320 
12.160 
12,410 

012,030 

9,310 

7,540 

o6,150 

6,150 

4,580 
4,580 
o4,720 
4,080 
3,480 
3,380 

3,360 
o3,340 

3,480 
15,800 
15,240 

011,030 
7,900 
6,620 
6,900 
6,330 

4,330 
3,620 
o4,760 
6.410 
6,810 

9,060 
al0,380 
12,880 
12,880 
11,850 

010,840 
9,500 
7,760 
7,350 

o7,090 

6,440 
o6,780 
5,410 
4,780 
4,280 

1,400 
ol,300 
1,280 
1,270 
1,200 

1,180 
ol,170 
1,100 
1,090 
1,080 

fll,070 
1,060 
1,050 
1,040 

ol,030 

1,010 
985 
985 
985 

o985 

976 
965 
950 
o940 
875 

835 
825 
o820 
830 
806 

810 

2 

o850 

3 

900 

4 

900 

5 

905 

6 

906 

7 

o910 

8 

906 

9 

900 

10 

896 

11 

O890 

12 

890 

13 

890 

14 

890 

16. 

865 

16 

o840 

17 

8.'>6 

18 

870 

19 

870 

20 

870 

21 

870 

22 

o870 

23 

870 

24 

870 

26 

26 

27 

28 

870 

850 

850 

o836 

29 

836 

30 

835 

31 

7,100 

a  Date  of  measurement. 


Monthly  discharge  of  Rio  Grande  near  Langtry,  Tex.  ^  for  1909, 


Month. 

Run-off 
(total  in 
acre-feet). 

Maxhnum. 

Minimum. 

Mean. 

January 

770 
695 
.   575 
640 
4,760 
6,400 
16,510 
12,410 
15,800 
3,850 
1,400 
7,100 

655 

605 

415 

380 

380 

1,410 

3,490 

3,380 

3,340 

1,400 

805 

810 

690 

643 

613 

440 

2,429 

3,855 

7,567 

7,428 

7,673 

1,890 

1,036 

1,073 

42,417 

February 

35,702 

Mar^h 

31,517 

April 

26,212 

filay....... :.:::. ::::..: 

149,336 

June 

229,406 

July 

466,302 

August 

456,714 

September 

456,695 

October 

- 116,231 

November 

61,666 

December 

65,980 

The  year - ,,  ^ .,..,  ^ .,,,,-,. . 

16,510 

380 

2,936 

2,137,060 

RIO   GRANDE   BELOW  DEVILS   RIVER,   TEX. 

The  station  was  established  in  April,  1900,  by  the  International 
Boundary  Commission.  It  is  alongside  the  Southern  Pacific  Railroad 
track,  about  a  mile  below  the  mouth  of  Devils  River  and  the  town 
of  Devils  River,  and  about  480  miles  below  El  Paso. 

The  bed  of  the  river  is  rock  for  a  short  distance  from  the  left  bank; 
the  right  bank  is  alluvial  deposit,  overflowing  in  extreme  high  water 
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for  a  distance  of  some  500  feet  back  from  the  river.     The  left  bank  is 
a  loose  rock  fill,  along  which  runs  the  Southern  Pacific  Railroad. 

Frequent  discharge  measurements  are  made  to  determine  closely  the 
daily  flow.  The  observations  at  this  station  during  1909  have  been 
made  under  the  United  States  section  of  the  International  Boundary 
Commission. 


Discharge  measurements  of  Rio  Grande  below  Devils  River,  Tex.,  in  1909. 
fBy  E.  E.  winter.] 


Date. 


Jan.  5. 
10 
15 
21 
26 
31 

Feb.  5 
10 
15 
20 
24 
28 

Mar.  5 
10 
15 
20 
26 
31 

Apr.  6 
11 
16 
20 
25 
30 

May  5 
9 
13 
17 
21 
26 
31 

June  5 
9 
13 
18 
22 
26 
30 

July  7 
11 


Area  of 

heS^t. 

Dis- 

section. 

charge. 

Sq.ft. 

Feet. 

Sec.-ft. 

906 

3.7 

1,592 

918 

3.7 

1,619 

924 

3.7 

1,729 

934 

3.7 

1,789 

948 

3.7 

1,770 

938 

3.7 

1,734 

919 

3.6 

1,686 

928 

3.0 

1,600 

911 

3.6 

1,655  1 

911 

3.6 

1,645  . 

901 

3.6 

1.6M 

1,006 

3.75 

1,879 

863 

3.55 

1,492 

858 

3.55 

1,469 

866 

3.55 

1,433 

836 

3.6 

1,359 

833 

3.6 

1,330 

829 

3.45 

1,282 

854 

3.6 

1,321 

837 

3.45 

1,260 

826 

3.4 

1,193 

828 

3.4 

1,156 

829 

3.4 

1,176 

856 

3.5 

1,302 

871 

3.55 

1,393 

1,002 

4.0 

2,272 

1,082 

4.0 

2,229 

1,045 

3.9 

2,008 

1,458 

4.8 

4,251 

1,461 

6.0 

4,795 

1,452 

6.0 

4,852 

1,371 

4.85 

4,547 

1,273 

4.65 

3,767 

1,303 

4.8 

4,289 

1,395 

5.0 

4,741 

1,358 

6.0 

4,901 

1,560 

5.3 

6,166 

1,321 

4.9 

4,604 

1,341 

4.8 

4.607 

2,511 

7.8 

16.693 

Date. 


July  15. 
19. 
23. 
27, 
31 

Aug.  6, 
11 
15 
20 
23 
27 
31 

Sept.  5 
9 
16 
20 
24 
26 
30 

Oct.  6 
10 
14 
19 
23 
27. 
31 

Nov.  6. 
10 
14 
19. 
23 
27 
30 

Dec.  4 
9. 
14 
18. 
24. 
30. 


Area  of,   Gase 
section,  hel^t. 


q.ft. 

!.499 
091 
221 
700 
055 
840 
635 
662 
212 
755 
542 
328 
347 
730  I 
851  I 
060  I 
740  I 
681  < 
391  ' 
195 
112 
102 
031 
067 
066 
072 
974 
995 
979 
954 
917 
916 
910 
926 
915 
912 
934 
939 
957 


Feet. 
7.5 
6.0 

14.6 
6.6 
6.2 
6.0 
6.6 
6.7 
7.0 
6.0 
6.3 
4.8 
6.1 
6.7 
6.05 
6.55 
6.9 
6.65 
6.1 
4.5 
4.3 
4.3 
4.0 
4.0 
4.0 
4.0 
3.8 
3.8 
3.8 
3.7 
3.7 
3.7 
3.7 
8.7 
3.7 
3.7 
3.7 
3.8 
3.7 


Dis- 
charge. 


Sec.'ft. 

16,198 
9,212 

42,532 
6,623 
9,476 
8,885 
7,116 
7,486 

13,055 
8,875 
6,231 
4,574 
5,363 
7,771 
9,588 

12,012 
8,453 
7,243 
6,375 
3,602 
2,943 
2,939 
2.342 
2,355 
2,347 
2,304 
1,992 
1,989 
1,923 
1,885 
1,832 
1,768 
1,835 
1,694 
1.692 
1,677 
1.687 
1,700 
1,716 


Daily  gage  height,  in  feet,  of  Rio  Grande  below  Devils  River,  Tex.,  for  1909. 


Day. 

Jan. 

3.75 

3.7 

3.7 

3.7 

3.7 

3.7 
3.7 
3.7 
3.7 
3.7 

3.7 
3.7 
3.7 
3.7 
3.7 

Feb. 

Mar. 

Apr. 

May. 

June. 

5.0 
5.06 
6.0 
4.9 

4.85 

4.7 
4.7 
4.6 
4.6 
4.6 

4.6 
4.6 
4.8 
4.6 
4.6 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

3.7 
3.7 
3.7 
3.7 
3.65 

3.65 
3.6 
3.6 
3.6 
3.6 

3.6 
3.6 
3.6 
3.6 
3.6 

3.6 
3.6 
3.6 
3.55 
3.55 

3.55 

3.5 

3.5 

3.5 

3.5 

3.5 

3.55 

3.5 

3.56 

3.66 

3.5 
3.5 
3.5 
3.5 
3.5 

3.5 
3.5 
3.5 
3.5 
3.5 

3.4 
3.4 
3.4 
3.4 
3.4 

3.5 
3.5 
3.5 
3.5 
3.85 

4.3 
4.2 
4.1 
4.0 
4.0 

3.9 
4.0 
4.1 
4.2 
4.16 

4.75 
4.8 
4.9 
6.15 
5.15 

4.8 
4.85 
6.4 
6.35 
6.75 

7.8 

7.85 

7.4 

7.46 

7.4 

6.3 

6.25 

6.2 

6.55 

6.4 

6.1 

6.1 

6.1 

6.05 

6.7 

6.6 
6.55 
6.75 
6.0 
5.7 

4.55 
4.6 
4.6 
4.65 
6.8 

7.5 

6.25 

6.15 

5.65 

6.35 

5.05 

4.85 

4.7 

5.5 

5.5 

4.95 

4.85 

4.7 

4.6 

4.55 

4.5 

4.4 

4.35 

4.3 

4.3 

4.3 

4.3 

4.3 

4.25 

4.2 

4.0 
4.0 
3.9 
3.9 
3.85 

3.8 
3.8 
3.8 
3.8 
3.8 

3.8 
3.8 
3.8 
3.8 
3.8 

3.7 

i:::-:::::::::::: 

3.7 

3 

3.7 

4 

3.7 

6 

3.7 

6 

3.7 

7 

3.7 

8 

3.7 

9 

3.7 

10 

3.7 

11 

3.7 

12 

a7 

13 

8.7 

14 

3.7 

15 

3.7 
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Daily  gage  height^  in  feet,  of  Rio  Grande  below  Devils  River  ^  Tex.  ^  far  1909 — Continued. 


Day. 

Jan. 

Feb. 

3.6 
3.6 
3.65 
3.6 
3.6 

3.6 
3.6 
8.6 
3.6 
3.6 

3.6 
3.5 
3.75 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

4.2 
4.05 
4.0 
4.0 
4.0 

4.1 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4.0 
4.0 

Nov. 

3.8 

3.75 

3.75 

3.7 

3.7 

3.7 
3.7 
3.7 
3.7 
3.7 

3.7 
3.7 
3.7 
3.7 
3.7 



Dec 

16 

3.7 
3.7 
3.7 
3.7 
3.7 

3.7 
3.7 
3.7 
3.7 
3.7 

3.7 
3.7 
3.7 
3.7 
3.7 
3.7 

3.5 
3.5 
3.5 
3.5 
3.5 

3.5 
3.5 
3.5 
3.5 
3.5 

3.5 
3.6 
3.5 
3.5 
3.5 
3.45 

3.4 
3.4 
3.4 
3.4 
3.4 

3.4 
3.4 
3.4 
3.4 
3.4 

3.56 

3.6 

3.5 

3.6 

3.6 

4.0 
3.9 
4.06 
4.35 
.  4.65 

4.8 
•4.8 
4.85 
6.0 
6.0 

5.0 

5.1 

5.0 

5.15 

6.0 

6.0 

4.66 

4.66 

5.1 

6.0 

4.65 

5.15 

6.05 

6.2 

6.3 

6.46 

6.3 

6.2 

6.25 

6.06 

4.95 

6.6 

6.26 

6.15 

6.0 

6.76 

6.46 
6.3 
12.6 
6.35 
5.96 

5.4 

5.5 

5.4 

6.66 

6.16 

6.3 

5.8 
6.45 
5.86 
6.46 
7.0 

6.6 
6.96 
6,0 
5.75 
6.65 

6.36 

6.4 

6.4 

6.16 

4.9 

4.8 

6.05 
6.46 
6.8 
7.26 
6.5 

6.9 
6.6 
6.6 
6.9 
6.9 

6.65 

5.6 

6.4 

6.2 

6.1 

3.7 

17 

3.7 

18      

3.7 

19 

3.7 

20 

3.7 

21 

3.7 

22 

3.76 

23 

3.8 

24 

3.8 

25 

3.8 

26 

3.8 

27 

3.76 

28      

3.7 

29 

3.7 

30 

3.7 

31 

3.7 

Daily  disckargey  in  seamd-feety  of  Rio  Grande  below  Devils  River,  Tex.,  for  1909. 


Day. 


1. 
2. 
3. 

4. 

6. 

6. 
7. 
8. 
9. 
10. 

12*. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
26. 

26. 
27. 
28. 
29. 
30. 
31. 


Jan. 

Feb. 

Mar. 

1,810 

1,730 

1,090 

1,720 

1,73C 

1,650 

l,tf» 

1,730 

1,620 

1,640 

1,730 

1,530 

ol,:590 

o 1,700 

al,490 

1,600 

1,700 

1,490 

1,600 

1,690 

1,440 

1.610 

1,690 

1,430 

1,610 

1,690 

1,43(] 

al,620  al,690 

al,420 

1,640     1,690 

1.420 

1,660'     1,680 

1,460 

1,680     1,670 

1,410 

1,700 

1,6(30 

1,440 

al,730 

al,6eO 

al,430 

1,740 

1,660 

1,380 

1,750 

1,650 

1,380 

1,760 

1,700 

1,370 

1,770 

1,650 

1,370 

1,780 

01,640 

al,360 

al,790 

1,630 

1,360 

1,780 

1,620 

1,350 

1,780 

1,610 

1,350 

1,770 

al,600 

1,34Q 

1,770 

1,600 

1,340 

a  1,770 

1,600 

al,330 

1,770 

1,500 

1,330 

1,760  ol,880 

1,330 

1,750 

1,320 

1,740 

1,320 

al,730 

al,280 

Apr. 


1,320 
l,320t 
1,320 
l,320l 


May.    June. 


i,3od 

1,3001 
1,300 
1,300 


4,850 
4,950 
4,850 
4,050 


1,320  01,980  a4, 550 

al,320  2,860  3,960 
1,320'  2,670  3,960 
1,310  2.470l  3,570 
1,310  a2,270  a3,590 
1,300     2,260     3,590 


al,240 
1,230 
1,220 
1,210 
1,200 

a  1,190 
1,190 
1,180 
1,170 

a  1,160 

1,160 
1,160 
1,170 
1,170 
a  1,180 

1,360 
1,430 
1,300 
1.300 
ol,300 


2.050 
2,240 
02,450 
2.670 
2,560 


3,590al6,600 
3.590    17,1 
04,290   15. 
3,840   15.: 
3, 840  015, 


2.230  3.950 
0  2,010  3,950 
2,380  o5,040 
3,150  4.780 
3,870     3,770 


04,250 
4,250 
4,390 
4.800 
4,800 


5.070 
4,820 
6.220 
4.840 
04.850 


6,310  7,080 
o6,050|  6,500 
6,740034,260 
6,170  9,980 
6,800     8,400 


04.800  06,170     6,230 


6,980 

5,2.50 

o4. 


6,800  06,620 


6,220 

7,230 

9,270 

o9,880 


240013, 


I 


I 


1,730 
1,710 
1,700 
1,710 
01,830,01,720 
1,7» 


a  Date  of  measurement. 
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WESTERN  GULF   OF   MEXICO. 
Monthly  discharge  of  Rio  Grande  below  Devils  River,  Tex.,  for  1909. 


59 


Month. 


January 

February 

March 

April 

May 

June , 

July 

August , 

September 

October 

November 

December 

The  year, 


Discharge  in  seoond-feet. 


Maximum.   MlniTnnitti,     Mean. 


1,810 
1,880 
1,090 
1,430 
5,220 
6,800 
34,260 
13,060 
16,200 
4,030 
2,300 
1,800 


34,260 


1,500 
1,500 
1,280 
1,160 
1,300 
3,570 
4,270 
4,570 
3,910 
2,300 
1,770 
1,680 


1,160 


1,713 
1,671 
1,415 
1,256 
3,142 
4,677 
9,889 
8,449 
8,385 
2,896 
1,941 
1,703 


3,928 


Run-off 
(total  in 
acre-feet). 


105,322 
92,787 
86,995 
74,737 
193,210 
278,301 
608,053 
519,511 
498,942 
178,096 
115,478 
104,707 


2,856,139 


RIO  GRANDE  AT  EAGLE  PASS,  TEX.  . 

The  station  was  established  in  April,  1900,  by  the  International 
Boundary  Commission.  It  is  one-half  mile  above  the  highway  bridge 
between  Eagle  Pass,  Tex.,  and  Ciudad  Porfiiio  Diaz,  Mexico,-  and 
about  540  miles  below  El  Paso. 

The  right  bank  is  alluvial  deposit,  with  a  bottom  back  of  it  about 
1,500  feet  wide,  which  begins  to  overflow  at  gage  height  22  feet. 
The  left  bank  is  shale  rock  rising  abruptly  from  the  river.  The  bed 
of  the  stream  is  constantly  shifting,  and  frequent  discharge  measure- 
ments are  necessary  to  determine  closely  the  daily  discharge.  The 
section  is  subject  to  overflow  at  high  stages.  At  low  water,  the  depth 
is  considerable  and  the  velocity  slow. 

The  observations  at  this  station  during  1909  have  been  made 
under  the  direction  of  the  United  States  section  of  the  International 
Boundary  Commission. 

Discharge  measurements  of  Rio  Grande  at  Eagle  Pass,  Tex.,  in  1909. 
(By  J.  K.  Wilson.! 


Date. 


Jan.  3.. 

6.. 

9.. 

12.. 

16.. 

18.. 

21.. 

24.. 

27.. 

31.. 

Feb.  3.. 

6.. 

9.. 

12.. 

16.. 

19.. 

22.. 

26.. 

28. 

Mar.  3.. 

6.. 


Area  of 

Ga«e 
height. 

Di». 

section. 

charge. 

U 

Feet. 

Sec.-n. 
2,232 

1,296 

2,252 

1.275 

2,240 

1,337 

2,316 

1.346 

2,351 

1,252 

2,236 

1,228 

2,195 

1,245 

2,167 

1,243 

2,191 

1,235 

L4 

2,144 

1,232 

2,181 

1,229 

2,160 

1,202 

2,102 

1,180 

1.3 

2,071 

1,194 

1.4 

2,040 

1,181 

1.2 

2,037 

1,178 

1.2 

2,030 

1,136 

1.2 

1,904 

1,128 

1.2 

1.882 

1,120 

1.2 

1,882 

1,079 

LI 

1,784   1 

Date. 


Area  of 
section.  h< 


Mar.  9.. 

12.. 

16.. 

19.. 

22.. 

25.. 

28.. 

31.. 

Apr.   3.- 

6.. 

9.. 

12.. 

16.. 

19.. 

22.. 

25.. 

28.. 

30.. 
May  3.. 

6.. 

9.. 


Sq.ft. 
1,076 
1.250 
1,099 
1,065 
1,046 
1,112 
1,084 
1,050 
1,032 
1,043 
1,027 
1,001 

994 
1,016 
1,005 

963 
1.396 
1,012 

975 

930 
1,315 


Gage 
keignt. 


Fed. 

1.1 

1.4 

1.1 

1.0 

1.0 

1.1 

.9 

.9 

.9 

.9 

.0 

.8 

.8 

.8 

.8 

.8 

1.8 

.0 

.7 

.7 

1.6 


Dis- 
charge. 


Sec. 


c.f. 
1.768 
2,274 
1.843 
1,748 
1,665 
1,873 
1.680 
1,727 
1,670 
1,739 
1,651 
1,536 
1,538 
1,538 
1,531 
1.458 
2,545 
1,642 
1,488 
1,413 
2,204 
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Discharge  measurements  of  Rio  Grande  at  Eagle  Pass,  Tex.,  in  1909 — Continued. 


Date. 

Area  of 
secUon. 

OaEe 
heiSit 

Dis- 
charge. 

Date. 

Area  of 
section. 

hei^t 

Difl. 
chargBL 

May  13    

1,294 
1,285 
1,677 
1,679 
1,787 
1,760 
1,814 
1,724 
1,806 
1,809 
1,850 
1,716 
1.943 
2.067 
2,144 
2,046 
1,909 
1,860 
1,935 
2,818 
2.865 
2,502 
2,4a5 
4,955 
2,147 
2.546 
2,730 
2,423 
2,657 
2,125 
2,094 
2,135 
2.684 
2,086 
1,829 
1.931 
1.751 

Feet. 
1.6 
1.5 
1.5 
2.7 
2.8 
3.0 
2.9 
3.15 
2.8 
2.3 
2.2 
2.55 
2.2 
2.85 
3.1 
3.2 
3.0 
2.8 
3.0 
3.15 
6.3 
6.4 
4.4 
3.7 
8.36 
3.4 
4.0 
4.4 
4.35 
4.3 
3.7 
3.8 
3.9 
4.9 
3.76 
3.3 
2.7 
2.7 

See.-ft. 

2,294 

2,126 

2,336 

4,601 

4,439 

5,295 

5,261 

6,346 

4,648 

4,902 

4,871 

5,500 

3,421 

6,011 

7,044 

7.428 

6,625 

6,096 

5,744 

5,959 

14.831 

14,977 

11,401 

7,120 

27,644 

'  '18 

75 

44 

06 

39 

06 

17 

21 

]       29 

02 

60 

81 

50 

Sent.   7 

2,018 
1,924 
1.919 
2,562 
2.785 
2,180 
2,186 
1,983 
1,836 
1,771 
1.336 
1,327 
1.288 
1,258 
1^248 
1,288 
1,253 
1,266 
1,237 
1,226 
1.195 
1,194 
1,250 
1,213 
1.229 
1,177 
1,111 
1.086 
1,082 
1,044 
1.122 
1,139 
1,172 
1.173 
1,'202 
1.159 
1.164 

Feel. 
4.5 
3.6 
2.8 
3.4 
4.3 
5.05 
4.0 
3.5 
3.0 
2.6 
2.4 
2.0 
2.0 
2.0 
1.7 
1.6 
L5 
1.6 
1.5 
1.5 
1.4 
1.3 
1.3 
1.3 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.3 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 

Sec-ft. 
11,873 
7,836 

16 

^  lo:::::::::::::::::: 

19 

13 

16 

19 

22 

25 

28 

30 

6,122 
7.121 

22 

25 

8.571 

S.   ... 

14,533 

3?:::::::::::::::::: 

8.872 

June    3 

8,469 
6,414 

6 

9    

Oct.     3 

5,800 

12 

6 

5,179 
2,861 

15      

10 

18 

13 

2.746 

21     

16 

2,678 

24 

19 

2,608 

27 

22 

2,571 
2,644 

30 

25 

July     3 

28 

2,594 

31 

2.502 

9  

Nov.    3 

2,403 
2,893 

12 

6 

16      

9 

2,821 

18 

12 

2,344 
2,378 

21 

15 

24 

18 

2,340 
2,327 
2,188 
2,089 
1,913 
1,964 

27        

21 

31 

24 

Auc.    3 

27 

*  6. ::....:: 

30 

9 

Dec.     3 

13 

6 

1.747 

16 

9 

1.862 

19 

13 

1,981 

22 

16 

2.040 

25     

22 

2,069 
2,052 

28 

25 

31         

28 

2,019 

Sept.    3 

31 

2,000 

Daily  gage  height,  in  feet,  of  Rio  Grande  at  Eagle  Pass,  Tex.,  for  1909. 


Day. 


1 
2 
3 
4 
6 

6 
7, 
8, 
9. 
10, 

11. 
12, 
13. 
14. 
15 

16. 
17. 
18. 
19 
20. 

21. 
22 
23. 
24. 
26. 

26. 
27. 
28. 
29. 

ao. 

31. 


Jan. 


1.4 
1.4 
1.4 
1.4 
1.4 

1.4 
1.4 
1.4 
1.4 
1.4 

1.4 
1.4 
1.4 
1.4 
1.4 

1.4 
1.4 
1.4 
1.4 
1.4 

1.4 
1.4 
1.4 
1.4 
1.4 

1.4 
1.4 
1.4 
1.4 
1.4 
1.4 


Feb. 


1.4 
1.4 
1.4 
1.4 
1.4 

1.4 

1.4 

1.35 

1.3 

1.3 

1.3 
1.3 
1.3 
1.4 
1.4 

1.36 

1.3 

1.26 

1.2 

1,2 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 


Mar 


1.2 
1.2 
1.2 
1.2 
1.1 

1. 
1. 
1. 
1. 
1. 

1.25 

1.4 

1.36 

1.3 

1.25 

1.1 
1.0 
1.0 
1.0 
1.06 

1.0 
1.0 
1.0 
1.4 
1.16 

1.06 
.95 
.9 
.9 
.9 
.9 


Apr. 


0.9 
.9 
.9 
.0 
.9 

.9 
.9 
.9 
.9 
.9 

.9 

.8 
.8 
.8 
.8 

.8 
.8 
.8 
.8 
.8 

.8 
.8 
.8 
.8 
.8 

.8 

1.55 
1.65 
.9 
.9 


May. 


0.0 
.7 
.7 
.7 
.7 

1.1 
1.9 
1.76 
1.66 
1  4 

1.4 
1.4 
1.6 
1.6 
1.55 

1.6 

1.5 

1.46 

1.55 

1.95 

2.36 

2.65 

2.7 

2.85 

2.8 

2.95 

2.9 

2.95 

2.9 

2.96 

2.9 


June.    July 


2.9 

3.1 

3.15 

2.9 

2.95 

2.8 

2.4 

2.3 

2.25 

2.25 

2.2 

2.2 

2.2 

2.65 

2.45 

2.0 
2.1 
2.2 
2.7 
2.75 

2.95 

2.85 

2.96 

3.1 

3.4 

3.25 

3.2 

3.0 

3.05 

2.96 


2.9 
2.8 
2.8 
2.9 
2.9 

3.0 

3.7 

3.05 

3.1 

4.5 

5.46 

5.3 

5.36 

5.3 

6.6 

5.4 
4.7 
4.4 
4.3 
4.0 

3.7 
3.4 
5.9 
8.0 
4.5 

4.0 

3.4 

3.55 

3.6 

3.5 

4.3 


Aug. 


4.6 
4.4 

4.3 
4.3 

4.8 

4.3 

4.0 

4.36 

4.25 

3.85 

3.66 

3.45 

3.75 

3.9 

4.0 

3.86 

4.1 

4.0 

4.0 

4.65 

4.9 

4.9 

4.2 

3.85 

3.65 

3.4 

3.15 

3.35 

3.2 

2.9 

2.65 


Sept. 


2.46 

2.4 

2.6 

2.55 

4.25 

5.35 

4.4 

4.0 

3.6 

3.6 

3.25 

2.8 

2.7 

2.7 

6.55 

3.1 
4.1 
4.6 
4.5 
6.2 

4.36 

6.0 

4.8 

4.25 

4.0 

3.85 

3.6 

3.46 

3.36 

3.0 


Oct. 


3.0 
2.6 
2.6 
2.5.5 
2.45 

2.4 
2.  .35 
2.25 
2.2 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
1.7 
1.7 
1.7 
1.7 

1.66 

1.6 

1.5 

1.5 

1.6 

1.5 
1.5 
1.5 
1.5 
1.6 
1.6 


Nov. 


1.6 
1.5 
1.5 
1.5 
1.4 

1.4 
1.3 
1.3 
1.3 
1.3 

1.3 

1.3 

1.35 

1.3 

1.3 

1.35 

1.4 

1.4 

1.4 

1.6 

1.4 
1.4 
1.4 
1.4 
1.4 

1.4 
1.4 
1.4. 
1.4 
1.4 


Dec 


1.4 

1.4 

1.4 

1.36 

1.35 

1.3 
1.3 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
L2 
L2 
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Daily  discharge,  in  second-feet,  of  Rio  Grande  at  Eagle  Pass,  Tex.,  for  1909, 


Day. 


1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
16. 

16., 
17. 
18.. 
19. 
20.. 


Jan.      Feb. 


2,190^  2,160 
2,21«  2,170 
a  2, 230^  a  2, 180 
2,240^  2,170 
2,240|    2,160 

a2,250|a2,150 
2,250  2,150 
2,250!    2,120 

a  2, 240' a  2, 100 
2,260l    2,090 

2,290  2,080 
a  2. 320  a  2, 070 
2,330  2,040 
2,340  2.100 
2,3501    2,070 

a2,350!al,990 
2,290     2,010 

a  2, 240,  2,020 
2,220  a2,040 
2,210     2,040 


21 a2,190 

22 2,180 

23 2,170 

24 o2,170 

25 1    2,170 

26 2,180 

27 «2,190 

28 2,180 

29 2,170 

30 2,160 

31 o2,150| 


Mar. 


Apr. 


May. 


1,880  1,710  1,640 
1.880  1,600  1,490 
al,880  al,670  al,490 
1.880,  1.690  1,460 
1,780,    1,720     1,440 


a  1,7801  a  1,740 
1,780  1,710 
1.770  1,680 
l,770!al,650 
1,840     1,640 

2,060     1,630 
»2,270  ol,640 
1,540 
1,540 
1,540 


2,190 
2,110 
2,020 

al,840 
1,750 
1,750 

al,750 
1,770 


2,030     1,090 
a 2, 030  al.i 


1.990 

1.950 

a  1,910 

1,900 

ai;880 


1 

2,060 
0  1,910 


al,540 
1,540 
1,540 

al,540 
1,540 

1,530 

al,530 

1,510 

1.480 

al,460 


1,820  1,460 
1,720  2.280 
al,680  a2,390 


1,690 

1,710 

a  1,730 


1,640 
1,640 


0  1,760 
2,470 
2,340 

o2,160 
2,070 

2,090 
2.110 
o2,290 
2.290 
2,210 

a  2, 130 
2,200 
2,220 

02,430 
3,190 

3,040 

0  4,510 

4,490 

4,640 

o4,440 

4,870 
4,940 

0  5,200 
5,260 
6.280 

0  5,260 


June. 


5,260 
6,330 
06,350 
4,850 
4,950 

o4, 
4,500 
4.650 

04,890 
4,890 

4,870 

o 4,870 

4,870 

6,680 

o5,300 


3,940 
3,680 
a3, 420011 
6,410 
6,610 


o6,420 
6,010 
6,420 

o7,040 
8,200 


July.     Aug. 


6,360  12.070 
6,100  11)860 
o  6,100012.340 
6.040^  12,340 
6,790|  13,840 


Sept. 


4,780 
4,580 

o4,450 
4,350 

10,900 


Oct. 


6,410 
6,800 
0  5,800 
6,640 
5, — 


o6,740kl0.860  16,700  o  6, 180 


7,840     8,620011,420 

6,610     9,630     9,630 

o5,78«o8,490     7.380 

ll,620rt    7,860  07,620 


16,440  7,820 
014,830  7,790 
15.030  09,260 
14,830  9,410 
16,030|    9,410 

014.980  0  8,660 

12.480     9,730 

400     9,320 

10,790  o9,320 

8,950,  12,230 


0  7,120'  13,330 

6,790ol3,330ol4 

16,830   10.390 

026,100     8.920 

10,430  0  8,100 


7,620     8,200 
o7,430     

6,630 

6,830 
a  6. 490 


7,100 

o6,520     6,100 

6.210  O6.260 

6,440     6,100 

o5,980     6,910 

o9,780o6,700 


7,090 
6.120 

0  5,920 
6,920 

16,500 

o6,640 

8,250 

8.890 

O9.370 

13,160 


10,740 
,260 
13, 180 
10,220 
o8,870 


8,750 
8,650 

08,260 
7,860 

o6,410 


4,750 

4.170 

3,740 

02,860 

2,820 
2,780 
o2,740 
2,720 
2,700 

02.680 
2,610 
2,610 
2,610 
2,610 

2.590 

o2,570 

2,570 

2.610 

o2,640 

2,630 
2,610 

o2,590 
2,590 
2,590 

o2,590 


Nov. 


2,660 
2,630 
«2.  " 
2,490 
2,390 


490ol 


o2,390ol 

2,320 

2,320 
o2,320ol 

2,330 


2,340 
02,340 

2,400ol 

2,370 
o2,380 


2,380o2, 
2,380 
o2,340 
2,340 
2,430 


o 2,330 

2,280 

2,230 
o2,190 

2,150|o2; 


2.120 

02,090 

2,030 

1,970 

0  1,910 


Dec 


1,930 
1,950 
,960 
1,870 
1,840 


750 

i;820 

1,790 

,860 

1,890 


1,920 
1,950 
960 
2,000 
2,020 


,040 
2,040 
2,050 
2,050 
2,060 


2,060 

o2,070 

2,060 

2,060 

,0i0 


2,040 
2,030 

02.020 
2,010 
2,010 

o2,000 


o  Date  of  measurement. 
Monthly  discharge  of  Rio  Grande  at  Eagle  Pass,  Tex.,  for  1909, 


Month. 

Discharge  in  second-feet. 

Run-off 
(total  in 
acre-feet). 

Maximum. 

Minimum. 

Mean. 

January  ...        

2.350 
2,180 
2,270 
2,390 
5,280 
8,200 
26,100 
13,840 
16,500 
6,410 
2,560 
2.070 

2,150 
1,880 
1,660 
1,460 
1,440 
3,420 
5,520 
5,700 
4,350 
2,570 
1,910 
1,750 

2.233 
2,053 
1,841 
1,644 
3,042 
5,536 
10.001 
9,423 
8,850 
3,392 
2,305 
1.974 

137.276 

February 

114,030 

March 

113,217 

Anril       

97,806 

May!::::::::::::::::::::::::::..:.:: :: :... 

187,061 

June . . . , 

329,376 

July 

614,966 

Auirust                 

679,372 

Sentember 

527,127 

October         

208,542 

November 

137,137 

I>eoember  .              

121,349 

The  year 

26,100 

1,440 

4,368 

3,167,246 

BIO  GRANDE  NEAR  LAREDO,  TEX. 

The  station  was  established  near  Nuevo  Laredo,  Mexico,  in  April, 
1900,  by  the  International  Boundary  Commission.  It  was  intended 
to  measure  the  river  from  the  highway  bridge  connecting  Laredo,  Tex., 
with  Nuevo  Laredo,  Tamaulipas,  and  the  gage  was  established  on  the 
right  bank  just  above  the  bridge.    Measurements  were  kept  up  by 
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the  Mexican  section  of  the  commission  until  September  24,  1900,  and 
gage  heights  were  read  until  February  28,  1903,  but  the  results  were 
so  conflicting  that  the  station  was  abandoned.  In  July,  1903,  a  cable 
station  was  established  by  the  commission  about  2  miles  above  Nuevo 
Laredo,  and  on  August  1,  1903,  regular  meter  measurements  and  gage 
heights  were  started.  The  new  gage  heights  are  not  comparable  with 
the  old.     The  station  is  about  670  miles  below  El  Paso. 

The  river  bed  at  the  new  station  is  constantly  shifting,  and  frequent 
discharge  measurements  are  made  to  determine  closely  the  daily  dis- 
charge.    The  banks  at  the  new  station  are  not  subject  to  overflow. 

The  observations  at  these  stations  have  been  made  under  the  direc- 
tion of  the  Mexican  section  of  the  International  Boundary  Commission. 

Discharge  measurements  and  gage  heights  for  the  years  1900  to 
1904,  which  had  not  hitherto  been  pubUshed  by  the  United  States 
Greological  Survey,  are  given  in  Water-Supply  Paper  248. 

Discharge  measurements  of  Rio  Grande  near  Laredo ^  Tex.y  in  1909. 
[By  L.  Varela.] 


Date. 

Area  of 
section. 

hS^t. 

Feet. 
2.5 
2.6 
2.8 
2.4 
2.0 
2.5 
2.3 
2.5 
2.5 
2.2 
2.1 
2.0 
2.4 
2.2 
4.4 
2.0 
2.2 
2.1 
2.2 
2.3 
2.1 
2.1 
2.0 
2.3 
2.0 
2.3 
2.5 
4.6 
5.6 
4.5 
4.0 
3.4 
2.5 
2.6 
3.5 
3.0 
4.2 
6.5 

Dls- 
charge. 

Date. 

Area  of 
section. 

he^. 

Dl8- 

chaiiBB. 

Jan.     6 

Sq.ft. 
1,424 
1,438 
1,531 
1,419 
1,340 
1,440 
1,389 
1,464 
1,453 
1,441 
1,418 
1,288 
1,500 
1,453 
2,409 
1,260 
1,472 
1,285 
1,324 
1,468 
l,30t) 
1,342 
1,341 
1,403 
1,294 
1,390 
1,414 
2,449 
2,816 
2,543 
1,787 
1,602 
1,399 
1,358 
1,576 
1,281 
1,640 
2,921 

8ec.4L 
2,333 
2,388 
2,845 
2,328 
1,933 
2,229 
2,167 
2,349 
2,308 
2,239 
2,232 
1,950 
2,316 
2,284 
6,598 
1,731 
2,278 
1,817 
2,001 
2,258 
1,857  1 
1,887 
1,843 
2,148 
1,833 
2,065 
2,144 
6,752 
9,691  1 
5,997  ' 
3,756  1 
3,281 
2,116 
i,272 
3,266 
2,620 
3,602 

13,373 

July  12.            

3,397 
1,623 
4,004 
3,809 
1,637 
1,676 
1,766 
1,716 
1,545 
1,883 
2,026 
1.432 
1,869 
1,571 
2,104 
2,642 
2,307 
1,937 
1,842 
1,037 
1,658 
1,432 
1,414 
1,376 
1,349 
1,323 
1,334 
1,442 
1,427 
1,383 
1,323 
1,285 
1,265 
1,297 
1,317 
1,291 

FeH. 
4.7 
7.0 
4.0 
8.8 
8.1 
3.0 
4.4 
4.3 
4.3 
3.5 
5.1 
5.6 
3.3 
6.5 
3.7 
6.7 
6.3 
5.8 
4.9 
4.0 
3.7 
3.2 
3.0 
2.8 
2.8 
2.7 
2.6 
2.5 
2.4 
2.4 
2.35 
2.4 
2.3 
2.3 
2.5 
2.5 
2.5 

4,408 

10     

16 

] 

16 

23 

21     

24 

J 

26 

25 

1 

31 

31 

Feb.     5 

Aug.  3 

9 

9.            .... 

14 

14 

20 

19.               

25 

22 

Miir      t 

29 

5 

Sept.  3 

10 

13 

14 

18 

16 

26 

21 

1 

31 

27 

Adf      5 

30 

^      12;;::::::::::::::; 

Oct.   6 

16 

10 

21 

15 

iB,  Wft 

25 

21 

2  584 

30 

26 

2.271 

Mav     6 

31 

2,286 

n::::::::::::::::: 

Nov.  5 

2,036 

15 

11 

1,983 

22 

17 

2,024 

27 

21 

2,151 

31 

26 

2055 

Jnne    6 

30 

2,038 

11 

Dec.  5 

1992 

16 

11 

1836 

21 

16 

1,746 

25 

21 

2,006 

30 

27 

2007 

July     7 

31 

2  006 

7:;:::::::::::::::: 
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Daily  gage  height,  in  feet,  of  Rio  Grande  near  Laredo,  Tex.,  for  1909. 


Day. 


1. 
2. 
3. 
4. 
5. 

«. 
7. 
8. 
9. 
10. 

11. 
12. 
.  13. 
14. 
15. 

19. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
». 
31. 


Jan.      Feb.     Mar.     Apr.     May.  i  June.    July.     Aug.     Sept.     Oct.     Nov.    Dec 


2.5 

2.55 

2.5 

2.5 

2.4 

2.45 

2.5 

2.4 

2.45 

Z6 

2.8 
2.5 
2.4 
2.6 
2.75 

2.8 

2.75 

2.65 

2.6 

2.4 

2.4 
2.3 
2.Z 
2.2 
Z15 

2.0 

2.0 

2.0 

2.1 

2.35 

2.5 


2.5 
2.6 
2.5 
2.4 
Z3 

2.3 
2.3 
2.4 
2.5 
2.5 

2.45 

2.3 

2.3 

2.45 

2.3 

2.3 
2.4 
2.3 
2.2 
Z2 

2.15 

2.1 

2.2 

2.1 

2.1 

Z05 
2.0 
2.0 


2.0 
2.1 
2.1 


2.2 
2.2 
2.15 


2.3  I  2.1 

2.4  2.2 


2.Z 

2.3 

2.\b 

2.1 

2.2 

2.2 

2.5 

4.45 

3.3 

2.45 

2.2 

2.05 

2.0 

2.1 

Zl 

2.1 

2.1 

2.25 

2.6 

2.35 

2.2 

2.2 

2.2 

2.\h 

2.1 

2.1 


2.2 

2.15 

2.15 

2.2 

2.2 

2.1 
2.2 
2.3 
2.3 
2.2 

2.1 
2.1 
2.2 
2.2 
2.1 

2.1 
2.1 
2.1 
2.0 
2.0 

2.0 
2.0 
2.05 
2.25 
2.25 


2.2 
2.1  ; 
2.05 
2.0 
2.0  ' 

2.0 
2.0 
2.1 
2.2 
2.3 

2.3 
2.2 
2.2 
2.1 
2.5 

2.4 

2.5 

2.6 

2.75 

2.4 

a5 

4.3 
3.25 
a25 
3.2 

4.25 
5.4 
4.45 
4.0 
4.0 
4.1 


4.5 

5.45 

4.6 

4.75 

4.1 

4.1 
4.1 
3.7 
Z.b 
3.4 

3.4 

2.95 

2.65 

2.5 

2.5 

2.5 
2.4 
2.4 
2.2 
^45 

2.55 

2.4 

2.75 

Z8 

a25 

3.15 
a25 

a3 

Z.2 

ao 


2.8 
2.8 
2.b 
2.% 
a  15 

a7 

4.95 
5.4 
a65 

ai 

4.1 

5.0 

5.7 

6.65 

5.6 

7.15 
5.9 
5.05 
5.15 
5.6 

4.85 

4.25 

4.15 

9.2 

6.65 

4.4 

a5 

2.75 
2.85 
2.55 
2.85 


ai 
a  75 

4.3 

a6 
a95 

4.55 
4.3 

a7 

4.4 
4.1 

a6 
a85 
a45 

4.15 

a2 

a35 
a8 
a4 
a55 
a45 

a  75 

6.25 
6.0 
4.3 

a85 

4.5 

4.5 

4.8 

5.45 

4.85 

4.4 


a6 
a4 
a4 
a6 
a3 

ao 

6.05 
5.6 
5.0 
4.6 

4.3 

4.3 

4.1 

a85 

5.85 

6.5 
5.0 
5.5 
5.8 
6.4 

6.15 

5.6 

4.8 

5.15 

4.3 

4.9 
5.65 
6.6 
5.15 
4.9 


4.6 

4.7 

4.4 

4.05 

a95 

a9 

a55 

a45 
a6 
a7 

a6 
a9 
a7 
a4 
a36 

a35 
a2 
a  75 
a7 
a2 

ao 

2.95 
2.6 
2.9 
2.95 

2.8 

2.45 

Z2 

2.65 

2.8 

2.% 


2.7 

2.55 

2.5 

2.7 

2.7 

2.6 
2.5 
2.4 
2.5 
Z6 

2.55 

2.45 

2.2 

2.1 

2.3 

2.35 
2.45 
2.4 
2.4 
2.4 

2.4 

2.4 
2.4 
2.4 
2.4 

2.A 
2.4 
2.4 
2.4 
2.35 


2.35 

2.4 

2.4 

2.4 

2.4 

2.3 

2.Z 

2.3 

2.26 

2.2 

2.3 
2.3 
2.3 
2.3 
2.3 

2.3 
2.8 
2.3 
2.Z 
2.45 

2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 


RIO  GRANDE  NEAR  ROMA,  TEX. 

The  station  was  established  in  1900  by  the  International  Boundary 
C!ommission.  'It  is  near  Roma,  Tex.,  775  miles,  by  river,  below 
El  Paso. 

The  right  bank  is  alluvial  deposit,  and  overflows  in  high  water  for 
a  width  of  250  feet.  The  overflow  section  is  thickly  covered  with 
mesquite  brush.  The  left  bank  is  of  hard  material,  and  does  not 
overflow. 

The  river  bed  is  constantly  shifting,  and  frequent  discharge  meas- 
urements are  necessary  to  determine  closely  the  daily  discharge. 
The  section  is  subject  to  overflow  at  high  water. 

The  highest  recorded  flood,  September  16,  1904,  marked  26  feet 
on  the  gage. 

The  observations  at  this  section  have  been  made  under  the  direction 
of  the  Mexican  section  of  the  International  Boundary  Commission. 

Discharge  measurements  and  gage  heights  for  the  years  1900  to 
1904,  which  had  not  hitherto  been  published  by  the  United  States 
Geological  Survey,  are  given  in  Water-Supply  Paper  248. 
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Discharge  measurements  of  Rio  Grande  near  RoTua,  Tex.y  in  1909, 
(By  H.  P.  Guerra.] 


Date. 

Area  of 
section. 

Oafe 
height. 

Dis- 
charge 

Date. 

Area  of 
section. 

Gace 
hel^t. 

Dis- 
charge. 

Jan.    2   

^% 

1,349 
1,357 
1,357 
1,314 
1,319 
1,317 
1,317 
1,290 
1,202 
1,204 
1,206 
1,117 
1,121 
1,119 
1,039 
1,042 
1,044 
2,053 
1,118 
1,116 
1,276 
1.044 
1,036 
948 
2.027 
1,281 
949 
845 
.841 
841 
1,269 
847 
851 
1,287 
974 
1,227 
2,028 
2,067 
2,376 
3,634 
4,410 
2,147 
1.704 
1,673 
1,625 
2,113 
2,421 
2,468 

Feet. 
2.9 
2.8 
2.8 
2.8 
2.7 
2.7 
2.7 
2.6 
2.6 
2.4 
2.4 
2.4 
2.0 
2.0 
2.0 
1.9 
1.9 
1.9 
4.3 
2.0 
2.0 
2.5 
1.9 
1.9 
1.7 
4.3 
2.5 
1.7 
1.0 
1.0 
1.0 
2.5 
1.0 
1.0 
2.5 
1.8 
2.4 
4.0 
4.3 
5.0 
7.7 
9.8 
4.4 
3.7 
3.4 
3.3 
4.3 
5.4 
5.4 

8ec.{t. 
2,286 
2,101 
2,068 
2,097 
2,008 
2,010 
2,021 
2,020 
1,954 
1,862 
1,851 
1,857 
1,721 
1,729 
1,726 
1,600 
1,605 
1,608 
3,372 
1,701 
1,707 
1,918 
1,618 
1,600 
1,444 
3,400 
1.934 
1,458 
1,184 
1.177 
1,186 
1,924 
1,215 
1,221 
1,996 
1,534 
1,900 
3,214 
3,441 
5,286 
16,337 
20.467 
3,731 
3,011 
2,794 
2,698 
3,605 
6.604 
6,929 

j  July    2 

8,502 
3,945 
4,242 
4.068 
3,849 
4,594 
3.099 
3,102 
3,194 
3,535 
4,320 
3,580 
3,112 
3,112 
6,079 
8.959 
5,326 
3,553 
3,408 
3,061 
3,063 
3,758 
3,554 
3,553 
3.013 
2,350 
2.204 
2,028 
1,922 
1,950 
1,897 
1,549 
1,553 
1.425 
1,436 
1,848 
1,852 
1,634 
1.637 
1,644 
1,644 
•1,640 
1,644 
1,486 
1.494 
1,490 
1,517 
1,525 

FeeL 
12.7 
18.3 
8.4 
9.1 
8.7 
8.2 
10.2 
6.6 
6.6 
6.8 
7.6 
9.4 
7.6 
6.6 
6.6 
13.2 
19.0 
11.6 
7.6 
7.3 
6.4 
6.4 
8.0 
7.6 
6.4 
6,3 
4.9 
4.5 
4.0 
3.8 
3.9 
3.7 
3.0 
3.0 
2.8 
2.8 
3.7 
3.7 
3.4 
3.4 
3.5 
3.5 
3.5 
3.5 
3.4 
3.4 
3.4 
3.7 
Z.1 

Sec.-ft. 
32,157 
53,442 

6                   

10       

10 

18,380 

14                           ..   . 

14 

19,390 

18          

18 

18,841 
17,394 
22,162 
11,482 

22 

22 

26       i.. 

25 

30    

30 

Feb.   2    

Aug.   2 

11,493 
12,435 

6 

10    

10 

16,066 

14 

13 

19,870 

18           

17 

16.198 

23 

22 

11,840 
11,854 

27            

26 

Mar.  2 

28 

33,246 
50,129 
26  809 

6          ....... 

30 

10 

Sept.   2 

14 

1              6 

16,168 

18 

10 

15.007 

22 

14 .• 

10,838 

26 

1             18 

10.859 

30 

22 

16,921 

Anr.   2    

26 

16.249 

^    6 

29 

10,808 

8           

Oct.     2 

10,665 

12 

6 

5.013 

17            

10 

4,151 

22 

14 :. 

3,230 
3,040 

26                 

18 

29 

22 

3,160 

May   2 

26 

30 

3,005 

^   6 

2,444 

10 

Nov.    2 

2,457 

12           

6 

2,236 

17 

10 

2,269 

21          

14 

3,011 

22 

18 

3,013 

25           

22 

2.719 

27 

26 

2,724 

28           

29 

2.786 

JuDe  2 

Dec.     2 

2,738 

6           .          .      . 

6    

2,734 

10 

10 

2.738 

14. .# 

14 

2,637 

18 

18 

2,666 

22 

22 

2,662 

26 

26 

2,906 

29. 

30 

2,953 
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Daily  gage  height,  infect,  of  Rio  Grande  near  Roma,  Tex.,  for  1909. 


Day. 

Jan. 

Feb. 

1 

2.9 
2.9 
2.9 
2.9 
2.8 

2.8 
2.8 
2.8 
2.8 
2.8 

2.8 

2.8 

2.8 

2.76 

2.7 

2.7 
2.7 
2.7 
2.7 
2.7 

2.7 
2.7 
2.7 
2.7 
2.7 

2.65 

2.55 

2.5 

2.5 

2.5 

2.5 

2.5 
2.6 
2.6 
2.5 
2.5 

2.4 
2.4 
2.4 
2.4 
2.4 

2.4 

2.4 

2.4 

2.35 

2.26 

2.1 

2.06 

2.0 

2.0 

2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 

2 

3 

4 

5 

6   

7 

8 

9 

10 

11 

12 

13 

H 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

28 

27 

28 

29 

30 

31 

Mar. 


2.0 
1.9 
1.9 
1.9 
1.9 

1.9 
1.9 
1.9 
1.9 
1.9 

'l.9 
1.9 
1.9 
3.1 
3.5 

3.06 

2.4 

2.1 

1.95 

1.9 

1.9 

1.95 

1.8 

1.7 

1.95 

2.3 

1.9 

2.65 

2.05 

1.86 

1.8 


Apr. 


1.9 

1.9 

1.7 

1.7- 

1.76 

1.8 

1.7 

4.06 

2.86 

2.45 

2.56 

2.1 

1.86 

1.75 

1.66 

1.36 

1.1 

1.0 

1.0 

1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 


May. 


1.6 

2.16 

1.6 

1.16 

1.0 

a9 
.9 


.85 

2.3 

2.35 

2.15 

2.0 

1.9 

1.8 

1.8 

1.95 

2.2 

2.6 

2.45 

3.95 

4.0 

3.65 

4.0 

4.9 

6.26 

7.7 

5.6 

6.25 

4.9 


June. 


6.0 
9.6 
6.65 
4.4 

4.4 

4.4 

4.25 

4.16 

4.0 

3.8 

3.86 

3.8 

3.7 

3.46 

3.4 

3.4 
3.4 
3.3 
3.3 
3.4 

3.5 

4.1 

4.3 

4.75 

4.9 

&3 

5.45 

5.4 

5.4 

6.4 


July. 


Aug. 


7.9 
13.3 
18.7 
18.65 
18.65 

18.3 
14.4 

ia3 

9.35 
8.1 

7.25 

a2 

8.8 

9.15 

8.95 

&8 

9.15 

8,5 

7.9 

9.16 

8.8 

7.76 

7.1 

6.8 

9.5 

8.2 
.  7.2 
6.7 
6.65 
6.6 
6.36 


6.36 

6.6 

7.3 

6.96 

6.8 

7.0 
7;  5 
7.86 
7.65 
7.4 

7.05 

8.2 

8.95 

7.25 

7.0 

6.85 

6.7 

6.95 

6.95 

6.76 

6.65 

6.6 

7.35 

7.16 

6.8 

6.66 

a7 

12.75 
16.96 
18.95 
17.06 


Sept. 


15.95 
13.56 
11.16 
8.4 
7.6 

7.7 

&96 

9.35 

&56 

7.4 

7.25 

7.1 

6.8 

6.35 

6.66 

6.6 
6.65 
6.7 
8.0 

7.86 

8.0 
7.95 
7.75 
7.75 
7:65 

7.5 
6.9 
6.7 
6.5 
6.35 


Oct. 


6.2 

6.05 

6.7 

6.6 

5.2 

4.9 

4.8 

4.65 

4.6 

4.45 

4.35 
4.26 
4.15 
4.06 
4.0 

3.9 
3.9 
3.8 
4.3 
6.1 

3.9 

3.85 

3.75 

3.7 

3.7 

3.66 

3.5 

3.35 

3.3 

3.15 

3.0 


Nov. 


3.0 

3.1 

3.05 

3.0 

3.0 

2.85 

2.85 

3.1 

3.6 

2.9 

3.15 

3.7 

3.7 

3.7 

3.65 

3.6 
3.6 
3.6 
3.6 
3.6 

3.6 
3.4 
3.4 
3.4 
3.4 

3.4 
3.5 
3.6 
3.5 
8.6 


Dec. 


3.6 
3.6 
3.5 
3.6 
3.4 

3.4 
3.6 
3.5 
3.6 
3.5 

3.4 
3.4 
3.4 
3.4 
3.4 

3.4 
3.4 
3.4 
8.4 
3.4 

3.4 

3.4 

8.8 

3.85 

3.7 

3.7 
8.7 
3.7 
8.7 
3.7 
3.7 


RIO   GRANDE    NEAR   BROWNSVILLE,  TEX. 

This  station  was  established  in  1900  by  the  International  Bound- 
ary Commission.  It  is  about  one  mile  above  Brownsville,  Tex.,  and 
opposite  Matamoros,  Tamaulipas,  Mex.,  and  900  miles  by  river  below 
El  Paso. 

Between  Roma  and  Brownsville  there  are  many  lagoons  (old  river 
beds)  which  take  river  water  during  moderate  floods,  and  a  large  area 
overflows  quite  deeply  in  larger  floods.  Much  of  this  water  returns 
slowly  to  the  river  as  the  flood  subsides,  so  that  the  flow  passes 
Brownsville  more  uniformly  than  it  does  Roma.  Large  quantities  of 
water  also  leave  the  river  entirely,  reaching  the  Gulf  of  Mexico 
through  channels  remote  from  the  Rio  Grande.  Local  run-off,  how- 
ever, keeps  the  total  water  at  Brownsville  well  up  toward  the  com- 
bined flow  of  the  San  Juan  and  the  Rio  Grande  at  Roma.  Both  banks 
are  alluvial  and  are  just  about  level  with  high  water.  The  right  bank 
is  protected  by  piling. 
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SUBFACE  WATER  SUPPLY,  1909,  PABT  VIU. 


As  the  bed  of  the  river  is  constantly  sliifting,  frequent  discharge 
measurements  are  made  to  determine  closely  the  daily  flow. 

The  observations  at  this  station  have  been  made  under  the  direction 
of  the  Mexican  section  of  the  International  Boundaiy  Conmiission. 

Discharge  measurements  and  gage  heights  for  the  years  1900  to 
1904,  which  had  not  hitherto  been  published  by  the  United  States 
Geological  Survey,  are  given  in  Water-Supply  Paper  248. 

Discharge  meagxtremenU  of  Rio  Orande  near  BrovcnavUU,  Tex.,  in  1909. 
[BjF.dvem.] 


Date. 

1 

Area  of 

section. 

height. 

Feet. 

1.5 

1.5 

1.5 

1.4 

1.4 

1.3 

1.3 

1.2 

1.1 

1.1 

1.1 

.9 

.6 

.4 

.3 

.2 

.1 

.1 

.0 

1.0 

.4 

.2 

-  .1 

-  .2 

-  .4 

-  .2 
2.0 

.7 
.4 

-  .8 

-  .8 

-  .9 

-  .4 

-  .7 

-  .6 
.2 
.3 

2.6 
9.2 
8.2 
5.0 

3^0 
2.8 
2.4 
2.7 
4.4 

Dis- 
charge. 

See.-ft. 
1,825 
1,815 
1,831 
1,789 
1,815 
1,790 
1,782 
1,756 
1,741 
1,722 
1,715 
1,414 
1,404 
1,379  . 
1.340 
1,314 
1,270 
1,267 
1,228 
1.697 
1.383 
1.354 
1.227 
1,133 
1,077 
1,192 
2,759 
1,717 
1.068 
954 
943 
890 
1.086 
1.036 
1,089 
1.3<>5 
1.386 
2.983 
10.959 
9,643  , 
4,656  1 
4.169  1 
3.525  ' 
3,335  1 
3.118  ' 
3.280 
4,529 

Date. 

.\reaof 
suclioti. 

Oace 
height. 

Dis- 
charge. 

Jan.    3 

1,488 
l,4ifi 
1.480 
1.488 
1,478 
1.478 
1.474 
1,468 
1,464 
1.460 
1,289 
1,271 
U261 
1,240 
1,226 
1,206 
1,216 
1,198 
1,484 
1,282 
1,264 
1,180 

i,(m 

1,047 
1.103 
1,784 
1,425 
1,049 
973 
973 
947 
1.0.V) 
1,(W4 
1,06<) 
1,264 
1,2"6 
1.840 
3,750 
3.416 
2.489 
2,225 
1,912 
1,849 
1,771 
1.836 
2,331 

Julv  3 

^& 

5,514 

6,612 
4,739 
4,633 
3.853 
4,909 
2.871 
2.822 
3.354 
3,500 
5.388 
3,855 
3,027 
4.870 
5,512 
5.550 
5.660 
5,402 
4.542 
6.478 
5,112 
6.364 

4.  aw 

4.039 
3.698 
3,491 
3.164 
2,892 
3,017 
2.716 
2,529 
2.40.3 
.2.292 
2.2.V» 
2.226 
2.044 
1,992 
l,a36 
1,912 
1,980 
1,882 
1,838 
1,846 
1,8.':6 
1,926 
1,964 

Feti. 
12.4 
13.4 
13.8 
11.4 

'li 

12.3 
7.0 
6.7 

ai 

8.6 
1.3.8 
9.5 
8.8 
12.0 
13.9 
14.0 
14.3 
13.6 
11.2 
13.8 
12.8 
13.5 
10.4 
9.2 
8.0 
7.4 
6.8 
6.0 
6.4 
6.3 
4-7 
4.4 
4.1 
4.0 
3.9 
3.3 
3.1 
2.9 
2.8 
3.0 
2.7 
2.5 
2.5 
2.6 
2.8 
2.9 

26,488 

7 

^  7::::::::::::::::::. 

28,999 

11 

11 

30.236 

15 

15 

17,249 

19 

19. 

16.282 

23 

23 

11.847 

27 

27. 

23,385 

31 

31 

8,649 

Feb.  3. 

Aii«.  3. 

8,219 

7 1 

^  7:::::;:;;::::::": 

10,373 

11 

11 

11,331 

15 

15 

27,687 

19 

19 

12,782 

23 

23 

11,943 

27 • 

27 

21,067 

Mar.  3 

31.                  

29,643 

7 

Sept   3 

30,188 
31,665 

11 

15 

11 

28,331 

19 

15 

18,707 

23 

19 

28,921 

27 

23 

26,470 

30 

26.. 

27, 7C 

Apr.  2...., 

30 , 

16.969 

*^     6....     

Oct.   3. 

12.195 

10 

7 

10.396 

14 

11 

7.839 

18 

15 

6.183 

22 

19 

5.431 

26 

23.            

6.731 

30 

27 

6.0O4 

May  2 

30. 

4.569 

6. ..:;:.:::::::::: 

Nov.  3 

4.820 

10 

7 

11 

4,367 

14 

4.229 

IH.                     

15 

4.067 

22 

19 

23 

3,731 

26 

3,674 

30 

28 

3.396 

Jtine  3.   . 

Dec.   2 

3.254 

7 

6 

3,542 

11 

10 

3.132 

14 

14 

2,936 

18 

18 

22 

26 

30 

2.939 

22 

3,010 

26 

3. 191 

30 

3.399 
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Daily  gage  height,  in  feel  y  of  Rio  Graride  near  Brownsville^  Tex.  ^  for  1909. 


Day. 

Jan. 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.4 
1.4 

1.4 
1.4 
1.4 
1.4 
1.4 

1.3 
1.3 
1.3 
1.3 
1.3 

1.3 
1.3 
1.2 
1.2 
1.2 
1.2 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

6.6 
6.6 
6.75 
7.2 
8.0 

8.3 

8.15 

8.2 

8.55 

8.45 

8.4 
10.15 
13. 15 
13.5 
13.75 

13.9 
13.6 
11.45 
9.7 
9.1 

8.9 
8.8 
8.8 
9.75 
10.05 

10.45 
11.85 
12.  .35 
13. 15 
13.65 
13.9 

Sept. 

14.0 
14.0 
14.0 
14.2 
14.2 

14.2 

14.3 

14.2 

14.15 

14.1 

13.8 

13.1 

12.2 

11.45 

11.05 

10.6 
11.5 
12.3 
L3.9 
13.35 

13.05 
12.9 
12.75 
12.65 
12.9 

13.55 

12.4 

11.1 

10.55 

10.3 

Oct. 

9.8 

9.45 

9.25 

8.9 

8.65 

8.4 

8.a5 

7.85 

7.75 

7.a5 

7.45 

7.25 

7.1 

6.95 

6.75 

6.56 

6.35 

6.15 

6.5 

5.85 

6.75 
6.05 
6.45 
6.25 
5.85 

6.45 
5.26 
6.05 
4.85 
4.65 
4.5 

Nov. 

4.5 
4.45 
4.4 
4.3 
4.2 

4.2 

4.0 

3.75 

3.55 

3.5 

4.0 

4.15 

4.15 

4.1 

3.95' 

3.8 
•  3.56 
3.4 
3.3 
3.25 

3.2 

3.15 

3.1 

3.0 

3.0 

3.0 
3.0 
2.9 
2.9 
2.9 

Dec. 

1 

i!o 

.95 
.9 

.8 
.6 
.6 
.5 
.5 

.5 
.4 
.4 
.4 
.3 

.3 
.3 
.3 

0.3 
.3 
.2 
.2 
.2 

.1 

:} 

.1 
.1 

.1 

.1 

.06 

.0 

.0 

.05 
.25 
.65 
1.2 
1.45 

1.2 

.55 

.4 

.4 

.   .35 

.3 
.2 

!o 
-  .a5 

-0.1 

-  .2 

-  .2 

-  .3 

-  .4 

-  .4 

-  .45 

-  .5 

-  .45 

-  .2. 

.0 
1.9 
2.2 
2.0 
1.7 

1.2 
.95 
.75 
.55 
.15 

-  .2 

-  .45 

-  .6 

-  .7 

-  .7 

-  .8 

-  .8 
--  .8 

-  .8 

-  .8 

-0.8 

-  .9 

-  .75 

-  .56 

-  .4 

-  .3 

-  .4 

-  .5 

-  .6 

-  .7 

-  .7 

-  .7 

-  .7 

-  .6 

-  .55 

-  .36 
.2 
.2 
.2 
.2 

.25 
.3 
.4 
.6 
1.2 

2.3 

2.95 
3. -35 
7.3 
9.3 
7.25 

6.35 
5.4 
7.6 
10.1 
9.3 

7.85 
5.0 
4.8 
4.5 
4.25 

4.0 
3.7 
3.2 
3.0 
3.0 

2.95 
2.9 

2.8 
2.75 
2.65 

2.6 
2.45 
2.2 
2.2 
2.35 

2.6 
3.2 
3.6 
3.95 
4.3 

6.3 
8.8 
11.85 
13.05 
13.2 

13.25 
13.45 
13.55 
13.75 
13.8 

13.8 

13.8 

12.95 

11.2 

11.6 

11.9 
11.8 
11.45 
11.2 
10.2 

9.65 
11.05 
10.65 
8.75 
7.95 

8.35 
12.1 
11.05 
8.3 
7.45 
6.65 

2.85 

2           

2.8 

3 

2.75 

4 

2.7 

5 

2.7 

6 

2.9 

7 

2.9 

8 

2.9 

9 

2.8 

10 

2.76 

11 

12 

2.7 
2.65 

13 

2.6 

14 

15 

16 

2.5 
2.5 

2.5 

17 

2.5 

18 

2.6 

19 

2.5 

20 

2.5 

21 

2.5 

22 

2.56 

23        

2.46 

24 

2.55 

25                     

2.76 

26 

2.8 

27 

2.9 

28 

2.9 

29 

2.9 

30. 

2.9 

31 

2.9 

CONEJOS  BIVEB  BASIN. 
CONEJOS   RIVER   NEAR   MOGOTE,    COLO. 

Conejos  River,  the  most  important  tributary  of  the  Rio  Grande  in 
Colorado,  rises  on  the  eastern  slope  of  tlie  San  Juan  Range,  which 
forms  the  western  boundary  of  Conejos  County.  It  first  flows  south- 
eastward, but  at  the  to\\Ti  of  Conejos  bends  northeastward  and  enters 
the  Rio  Grande  below  the  mouth  of  Trinchera  Creek. 

The  gaging  station,  which  was  established  March  21,  1907,  replac- 
ing the  station  formerly  maintained  about  4  miles  below,  is  located 
at  a  private  highway  bridge  on  Jacob's  ranch,  about  16  miles  above 
Antonito,  Colo.,  in  T.  33  N.,  R.  6  E.,  New  Mexico  principal  meridian. 
It  is  above  every  important  diversion  for  irrigation  and  below  all  the 
principal  tributaries  except  the  San  Antonio. 

The  datum  of  the  chain  gage,  which  is  on  the  bridge,  has  not  been 
changed  since  the  station  was  established.  This  gage  is  at  the  same 
datum  as  the  rod  gage  used  by  Antoine  Jacob  during  1905  and  1906. 
The  gage  heights  for  these  years  have  been  furnished  to  the  United 
States  Geological  Survey  by  him  from  his  private  records.  Discharge 
measurements  are  also  made  from  the  highway  bridge. 

The  data  obtained  at  this  station  show  the  amount  of  water  avail- 
able for  irrigation. 
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Water  taken  from  the  Conejos  by  numerous  ditches  below  the  sta- 
tion is  used  to  irrigate  70,000  to  80,000  acres  of  land.  The  basin 
above  the  station  affords  excellent  opportunities  for  storage,  none  of 
which  are  utiUzed  at  the  present  time.  It  will  be  difficult  to  secure 
additional  water  rights  for  irrigation  along  this  stream. 

The  river  is  covered  with  ice  for  three  or  four  months  during  the 
winter  season.  The  stream  bed  is  strewn  with  cobblestones  and 
bowlders,  and  the  water  has  a  comparatively  high  velocity  at  all 
stages,  making  conditions  unfavorable  for  accurate  measurement. 
Eddies  around  the  crib  piers  of  the  bridge  also  introduce  uncertainty 
in  the  results. 

A  view  of  the  river  at  this  station  is  shown  in  Plate  V,  B, 

Discharge  measurements  of  Conejos  River  near  Mogote,  Colo.j  in  1909. 


Date. 

Hydrographer. 

Width, 

Area  of 
section. 

Gage 
height. 

Dis- 
charge. 

Mfty  15 

W.  B.  Freeman 

Feet. 

121 

126 

90.5 

62 

59 

46 

369 
153 

92.5 

76 

33 

Feet. 

2.  .35 

2.80 

1.00 

.65 

.35 

Sec-fl- 
1  070 

June  23 ... . 

...do 

1,710 
272 

Aug.  3 

O.  H.  Ru8.sell 

Sept.  30 

do 

124 

Nov.  13  o 

J.B.Stewart 

57 

Dec.  20ft 

G.  H.  Russell 

74 

a  Ice  along  edge  of  stream.  b  Made  about  8  miles  below  station. 

Daily  gage  height^  in  feel,  of  Conejos  River  near  MogoUy  Colo.  ^  for  1909. 
[Francisque  Jacob,  observer.] 


Day. 

Apr. 

May. 

June. 

July. 

2.2 
2.3 
2.25 
2.15 
2.1 

2.1 

2.05 
2.05 
1.95 
1.85 

1.8 

1.7 

1.55 

1.4 

1.35 

1.3 
1.25 
1.25 
1.25 
1.25 

1.2 

1.25 

1.25 

1.4 

1.35 

1.25 
1.2 
1.1 
1.1 
1.1 
.95 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1.4 

1.45 

1.85 

2.2 

2.7 

2.7 

2.8 
2.8 
2.4 

2.5 

2.65 

2.95 

3.25 

3.55 

3.65 

3.55 

3.45 

3.4 

3.35 

3.25 
3.3 
3.2 
3.05 
2.95 

2.95 

2.95 

3.1 

3.0 

3.05 

3.05 
2.95 

2.8 
2.8 
2.75 

2.6 

2.55 

2.4 

2.4 

2.35 

0.95 
1.05 
1.05 
1.05 
1.1 

1.2 

1.25 

1.15 

1.1 

1.15 

1.0 
1.0 
1.2 
1.05 
1.0 

1.1 

1.0 

1.05 

1.0 

1.0 

1.0 
.95 
1.15 
1.25 
1.4 

1.25 
1.4 
1.35 
1.9 
1.6 
1.45 

1.35 

1.4 

1.4 

1.46 

2.1 

2.5 

2.45 

2.2 

1.9 
1.8 

1.7 

1.55 

1.6 

1.5 

1.5 

1.4 
1.3 
1.26 
1.2 
1.1 

1.1 

1.1 

1.1 
.95 
.95 

.85 
.85 
.7 
.7 
.65 

0.60 
.6 
.6 
.7 
.85 

1.0 
1.0 
1.05 

.85 

.8 

.8 
.8 
.8 
.8 
.8 

.6 
.6 
.6 
.6 
.6 

.6 
.6 
.55 
.55 
.55 
.55 

0.6 
.45 

.45 
.5 

0.45 

2 

.45 

3 

4.     .. 

5 

6 

7 

8 

9 

10 

2.45 

2.4 

2.45 

2.4 

2.5 

2.45 

2.6 
2.7 

11 

12 

13 

14 

15 

16 

17       

18 

2.8 
2.9 
2.7 

2.7 

2.7 

2.45 

2.3 

2.2 

2.35 

2.5 

2.75 

2.6 

2.4 

2.4 

19       

20 

21 

22 

23 

24 

25 

26 

1.35 

1.35 
1.55 
1.65 

1.3 

27 

28 

29 

30 

31 

Note.— Probable  ice  conditions  December  1-31,  but  it  is  believed  that  the  gage  heights  were  affected 
butlltUe. 
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Daily  discharge,  in  8ec(md-/eet,  of  Conejos  River  near  Mogote,  Colo. ,  for  1909. 


Day. 


1. 
2. 
8. 
4. 

6. 

6. 
7. 
8. 
9. 
10. 

U., 
12. 
13. 
14. 
15., 

16.. 
17.. 
18.. 
19.. 
20.. 

21.. 
22.. 
23.. 
24.. 


26.. 
27.. 
28., 
29. 
30. 
31.. 


Apr. 


330 

330 
430 

488 
4H8 
308 


May. 


353 
378 
618 
900 
1,500 

1.500 
1,650 
1,650 
1,110 
1,170 

1,110 
1,170 
1,110 
1,230 
1,170 

1,360 
1,500 
1,650 
1,810 
1,500 

l,50o' 
1,500 
1,170 
1,000 
900 

1,060 
1,230 
1,580 
1,360 
1,110 
1,110 


June. 


1,230 
1,430 
1,900 
2,420 
2,940 

3,120 
2.940 
2,770 
2,680 
2,590 

2,420 
2.500 
2,330 
2,070 
1.900 

1.900 
1,900 
2,100 
1,980 
2,070 

2,070 
1,900 
1,()50 
1,650 
1,580 

1,360 
1,300 
1,110 
1.110 
1,060 


July. 


1,010 

1,120 

1,060 

960 

910 

910 

865 
865 
780 
701 

662 
592 
498 
413 

388 

363 
341 
341 
341 
341 

319 
341 
341 

413 


341 
319 
278 
278 
278 
222 


Aug. 


222 
259 
259 
259 

278 

319 
341 
298 
278 
298 

240 
240 
319 
259 
240 

278 
240 
259 
240 
240 

240 
222 
298 
341 
413 

341 
413 
388 
740 
528 
440 


Sept. 


388 
413 
413 
440 
910 

1,360 

1,300 

1,010 

740 

662 

592 
498 
528 
468 
468 

413 
363 
341 
319 

278 

278 
278 
278 
222 
222 

190 
190 
147 
147 
134 


ct. 

Nov. 

120 

95 

120 

85 

120 

75 

147 

75 

190 

75 

240 

75 

240 

76 

259 

75 

190 

75 

175 

75 

175 

75 

175 

95 

175 

75 

175 

75 

175 

95 

147 

95 

147 

95 

147 

95 

147 

95 

147 

95 

120 

95 

120 

120 

120 

95 

120 

75 

120 

75 

120 

75 

120 

75 

108 

75 

108 

85 

108 

95 

108 

Dec. 


95 
95 
75 

75 
75 
95 
96 
95 

95 
75 
76 
95 
95 

75 
75 
76 
76 
75 

75 
75 
75 
75 
76 

60 
60 
75 
76 
76 
76 


Note.— The  above  discharges  are  based  on  a  rating  curve  that  is  fairly  well  defined  l^elow  400  second- 
feet.    Discharges  December  1-31  may  be  slightly  affected  by  iee.- 

Monthly  discharge  of  Conejos  River  near  Mogote,  Colo,,  for  1909. 


Month. 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean 


April 
May. 


1125-30.. 


June 

July 

August 

September. 

October 

November.. 
December.. 


488 
1.810 
3,120 
1,120 

740 
1.360 

259 

120 
95 


The  period. 


308 

353 

1,060 

222 

222 

134 

108 

75 

60 


396 

1.220 

2.000 

548 

314 

466 

151 

84.5 

79.8 


Run-off 
(total  in 
acre-feet). 


"4,710 
75,000 
119,000 
33,700 
19.300 
27,700 
9,280 
5,030 
4,910 


299.000 


Accu- 
racy. 


SANTA  FE   CBEEK  BASIN. 
SANTA   FE   CREEK   AT   SANTA    FE,    N.    MEX. 

Santa  Fe  Creek  rises  on  the  range  east  of  Santa  Fe  and  flows  west- 
ward over  high  plains  to  join  the  Rio  Grande  south  of  the  Espanola 
VaUey. 

The  gaging  station,  which  was  established  May  31,  1907,  to  deter- 
mine the  amount  of  water  available  for  irrigation  and  storage,  is 
located  at  the  Don  Gaspar  Avenue  Bridge  in  the  city  of  Santa  Fe. 
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The  gage  datum  was  changed  on  August  13,  1908,  and  again  on 
August  22,  1908.  Results  obtained  at  this  station  have  been  very 
unsatisfactory  owing  to  the  torrential  character  of  the  stream,  the 
shifting  nature  of  the  bed,  and  the  inadequate  number  of  discharge 
measurements. 

Discharge  measurements  are  made  from  the  downstream  side  of 
the  bridge. 

No  important  tributaries  except  intermittent  streams  enter  below 
the  station.  The  drainage  area  at  the  station  is  about  40  square 
miles,  and  at  the  mouth  of  the  river  it  is  about  300  square  miles. 

The  reservoir  for  the  Santa  Fe  municipal  supply  is  situated  in  the 
canyon  above  the  station  and  a  water-power  plant  of  lOO-horsepower 
capacity  is  used  to  develop  power  for  lighting.  Very  little  water  is 
diverted  for  irrigation  above  the  station.  One  small  ditch  takes 
water  out  just  above.  In  the  canyon  8  miles  above  Santa  Fe  is  a 
reservoir  site  where  10,000  acre-feet  can  be  stored. 

Ice  is  usually  to  be  found  in  the  stream  during  the  winter  months, 
though  the  flow  is  very  small  during  that  period.  The  low-water 
flow  is  regulated  to  some  extent  by  the  waterworks  reservoir  above. 

Discharge  measurements  of  Santa  Fe  Creek  at  Santa  Fe,  N.  Mex.,  in  1909. 


Date. 

Uydrographer. 

>^'»<^th.  4- s^ 

Gaco   1    Dis- 
hcignt.  1  charga 

Mays 

J.  B.  Stewart 

Feet.        Sq.ft. 
9      j              3 
30                  27 
27.5                18 

Feet,     Sec.-fl. 
0. 05           5. 2 

Aug.  25 

Do. 

Sullivan  and  Stewart 

.55        169 

J.  B.  Stewtirt    . 

.30          69 

Oct.  6 

W.  B.  Freeman 

—  .10  1        a .2 

r 

a  Estimated. 
Note.— Measurements  made  at  various  sections. 


Daily  gage  height,  in  feet,  of  Santa  Fe  Creek  at  Santa  Fe,  N.  Mex.,for  1909. 


Day. 


Jan.  ,  Feb. 


Mar. 


1 -0.3  i  -0.26 

2 -  .3  I  -  .2 

3 -  .5  i  -  .2 

4..: -  .3  i  -  .35 

5 -  .4  I  -  .2,5 

6 -  .3  I  -  .2 

7 -  .3  -  .3 

8 -  .3  -  .4 

9 -  .3  -  .4 

10 -  .3  -  .3 

11 -  .25  -  .3 

12 1  -  .3  j  -  .4  1  -  .3 

13 _  .25'  -  .4  -  .3 

14 -  .25  -  .4 

15 -  .3  -  .45' 

16 -  .2  ,  -  .45 

17 1  -  .2  1  -  .45  -  .3 

18 1  -  .3  -  .45 

19 -  .3  -  .45; 

20 -  .251  -  .4  I 


-0.4 

-  .3 

-  .3   - 

-  .4  - 

-  .4  - 

-.4  1- 
-.3  1- 

-  .3  - 

-  .3  - 

-  .4  - 

-  .35  - 


J 


-0.3 
-  .3 


-0.1 

-  .3 

-  .3 

-  .3 

-  .2 

-  .2 

-  .1 

-  .1 

-  .05 

-  .05 


-  C.4 

-  .4 

-  .3 

-  .3 

-  .2 

.0 
.0 

-  .2 

-  .2 

-  .25 


-  .05  -  .1 

-  .05,  -  .2 

-  .05  —  .2 

-  .a5  -  .26 

-  .05  -  , 


451 
45 


35  -.  45  ^ 


-.  4  I  -  .25,  -  .15 
.4  -.  5  I  +  .  1  1  -  .  15 


-0.5 

-  .5 

-  .5 

-  .5 

-  .4 

-  .5 

-  .5 

-  .5 

-  .5 

-  .5 

-  .5 

-  .5 

-  .2 

-  .5 

-  .5 

-  .5 

-  .5 

-  .5 

-  .6 

-  .6 


Aug. 

Sept. 

Oct. 

Nov.  i  Dec. 

-0.6 

-0.4 

-0 

.  1 

-0 

15i  -0.1 

-  .6 

.45 

_ 

15    -  .1 

-  .5 

_ 

.3 

_ 

_ 

15,  -  .1 

-  .35 

_ 

.45 

_ 

_ 

15   -  .1 

-  .4 

+ 

.25 

- 

15l  -  .1 

-  .4 

+ 

.1 

.0 

_ 

15|  -  .1 

-  .6 

.4 

+ 

.05 

_ 

15    -.1 

-  .6 

.4 

.0 

— 

is!  -.1 

-  .5 

.3 

.0 

_ 

15   -  .1 

-  .4 

.35 

.0 

- 

15    -  .1 

-  .5 

.3 

+ 

_ 

1     -  .1 

-  .6 

.3 

_ 

1      -  .1 

-  .4 

.4 

_ 

1     -  .1 

-  .4 

.0 

+ 

— 

1  1  -  .1 

-  .15 

.16 

~ 

- 

1  1  -  .1 

-  .4 

.2 
.1 
.15 

- 

1     -  .1 
1      -  .1 
1     -  .1 

_ 

_ 

.15 

_ 

_ 

1     -  .1 

.1 

— 

— 

1     -  .1 
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Daily  gage  heighty  in  feet,  of  Santa  Ft  Creek  at  Santa  Fe,  N.  Mex.,  for  7909— -Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

21 

-a  2 

-0.4 

-0.45 

-0.6 

+0.2 

-0.25 

-0.5 

+0.06 

-0.1 

-0.1 

-ai 

22 

-  .2 

-  .3 

-  .45 

-  .4 

-  .1 

-  .4 

-  .5 

.0 

-  .1 

23.^ 

-  .15 

-  .3 

-  .46 

-  .3 

-  .1 

-  .36 

-  .6 

.0 

_  _  1 

_  ^  J 

-  .1 

24 

-  .3 

-  .2 

-  .45 

-  .2 

-  ,06   -  .6 

-  .5 

-0.1 

.0 

_  _  1 

_  _  i 

-  .1 

25 

-  .2 

-  .3 

-  .3 

-  .45 

-  .06 

-  .6 

+  .1 

-  .1 

.0 

-  .1 

-  .1 

-  .1 

26 

-  .15 

-  .45 

-  .3 

-  .45 

-  .1 

-  .6 

.0 

.0 

_     1 

_    1 

-  .1 

-  .1 

27 

-  .2 

-  .5 

-  .35 

-  .4 

-  .3 

-  .4 

-  .3 

_  ,  1 

_  ,  I 

+  .2 

.0 

28 

-  .2 

-  .5 

-  .3 

-  .3 

-  .4 

-  .6 

-  .4 

_  .  1 

—  .  1 

+  .2 

.0 

29 

-  .25 

-  .3 

-  .15 

-  .4 

-  .3 

-  .4 

_  ,  1 

_  _  I 

.0 

.0 

30 

-  .3    

-  .3 

-  :4 

-  .4 

-  .6 

-  .4 

_  .  1 

_  ,  1 

.0 

.0 

31 

-•N !-" 

-  .4 

-  .4 

-  .4 

—  •  1 

.0 

Note.— loe  oondltions  during  January  and  February. 
Daily  discharge,  ,in  second-feet,  of  Santa  Fe  Creek  at  Santa  Fe,  N.  Mex.,for  1907-1909. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1907. 
1 

19 
20 
20 
20 
20 

20 
22 
22 
20 
20 

18 
18 
15 
15 
11 

14 
14 
11 
15 
20 

11 
11 

8.6 
8.6 
5.7 

3.5 
2.5 
2.5 
1.5 
1.0 

0.5 
.5 
.5 
.5 
.5 

.5 
.5 
.5 
1.0 
.5 

1.0 
.5 
.5 
.5 
.5 

.5 
.5 
.5 
.5 
.5 

.6 
.5 
.5 
.5 
.6 

.5 
.5 
1.0 
1.0 
.5 
.5 

.0 
.0 
.0 
.0 
.0 

.0 
.0 
.0 
.0 
•  .0 

.0 
.0 
.0 
.0 

0.5 
.5 
3.5 
1.5 
2.5 

.5 
.5 
.5 
.5 
.5 

.5 
.5 
.5 
.5 
.5 

.5 
.5 
.5 
1.0 
1.0 

.5 
.5 
.5 
.6 
.5 

.5 
.5 
.5 
.5 

85 

34 

14 
90 

....... 

34 
20 
27 
20 
11 

20 
11 
15 
13 
11 

6.3 
1.5 
.5 
.6 
.5 

1.5 
.5 

1.0 
.5 

1.0 

.7 
.7 
.5 
.5 
.5 

.5 
.5 
.5 
.5 
.5 

2.0 
1.1 

0.5 

■i 

.5 
.5 

.5 
.5 
.5 
.5 
.5 

.5 
.5 
.5 
.5 
.5 

.5 
.5 
.5 
.5 
.5 

LO 
.5 
.5 
.5 
.5 

.5 
.5 

.5 
.7 

.7 
.7 

.4 
.4 
.4 
.4 
.4 

.4 
.4 
.4 
.4 
.4 

.4 
.4 
.4 
.4 
.4 

1.0 
1.0 
1.0 
1.0 
1.0 

1.3 
1.3 
1.3 
1.3 
1.1 

1.1 
1.0 
1.0 
1.0 
1.3 

1.0 
1.0 
1.0 

1.1 
1.1 

1.0 
1.0 
1.5 
2.5 
2.5 

2.5 
3.1 
3.1 
3.5 
3.5 

.4 
.4 
.4 

:t 

.4 
.4 
.1 
.4 
.4 

.4 
.4 
.4 
.4 
.4 

3.5 

2                     .   .. 

6  3 

3 

1.5 

4                   ...     I 

1  3 

6 

1.6 

6 1 

2.5 

7                           

:::::::i: ::::::::::;: 

3  5 

8:::::':::;::j:.::... 

3.5 

9                     ■     

1 

3  5 

10 

! 

4.9 

11                   ... 

1 

3  5 

12 

3.5 

13                    

6  3 

14 

6.3 

15                    

8  6 

16                    ... 

6  3 

17    

6.3 

18                    ... 

6  3 

19      

8.6 

20 

8.6 

21 

1 

6  3 

22 

4.9 

23 

6  3 

24      

4.9 

25                  ..   . 

4  9 

28 

1 

4.9 

27 

3.6 

28 

3.6 

29 

4.9 

30 

3.6 

31 

4.9 

1906. 
1 

6.2 
8.2 
6.2 
4.5 
6.2 

6.0 
6.0 
6,0 
6.0 
4.4 

4.4 
4.4 
3.2 
4.2 
4.2 

1.0 
1.0 
1.8 
1.0 
1.0 

5.2 
5.2 
3.8 
2.6 
2.6 

2.6 
2.6 
2.6 
2.6 
3.7 

0.9 
2.4 
1.6 
1.6 
2.4 

4.7 
2.4 

.6 
3.4 

.6 

3.4 

.8 

2.3 

1.6 

.3 

0.0 
.0 
.0 
.0 
.0 

.0 
.0 
.0 
.0 
.0 

.0 
.0 
.0 
.0 
.0 

0.5 
.0 
.8 

3.2 
.0 

.0 
2.3 
.0 
.0 
.0 

.0 

.8 

2.1 

1.3 

.0 

8.5 
26 
6.2 

2.8 
3.8 

2.8 
1.9 
2.0 
2.0 
.5 

9.8 

5.8 

4.4 

.6 

.6 

2.0 

2 

2.0 

3 

2.0 

4 

5 

6 

7 

8 

9..... 

10 

11 

12 

13 

14 

16 
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Daily  dUchargty  in  ucond-feet,  of  Santa  Fe  Creek  at  Santa  Fe,  N.    Mex.y  for  1907- 

1909 — Continued . 


Day. 

Jan. 

Feb. 

ICar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec| 

1008. 
16 

3.2 
3.2 

4.0 
4.0 
3.0 

3.0 
2.9 
3.9 
2.8 
2.7 

1.0 
1.0 
2.6 
2.6 
2.6 
2.6 

1.1 
1.1 

.1 
1.1 

.4 

1.1 
1.1 
1.1 
1.1 
1.1 

1.6 
1.1 
1.6 
1.6 
1.1 

2.0 
2.0 
1.1 
l.l 
1.6 

2.0 
2.0 
2.6 
1.1 
2.0 

2.6 
2.0 
2.0 
1.6 
1.1 
2.0 

3.7 
.9 
2.6 
2.5 
1.6 

2.5 
3.6 
2.6 
2.5 
3.6 

2.5 
4.8 
2.5 
3.6 

1.6 
2.0 
2.0 

2.0 

1.1 

.4 

.4 

1.1 

1.1 
.4 
.4 
.4 
.2 

.2 
.2 
.2 
.2 
.4 

.4 
1.1 
1.1 
2.0 
1.1 

.2 
.1 
.1 

a5 

.8 

.4 

.2 

-  .2 

.2 
.2 
.2 
.2 
.2 

.1 
.1 
.1 
.1 
.1 
.1 

.4 

1.1 

1.1 

.4 

.4 

.4 
l.l 
1.1 
1.1 

.4 

.8 
1.1 
1.1 
2.0 
2.0 

2.0 
1.1 
.8 
.8 
.4 

.2 
.2 
.2 
.2 
1.1 

1.1 
.8 
1.1 
1.1 
1.1 
1.1 

0.0 
.0 
.0 
.0 
.0 

.0 
.5 
.5 
.6 
.5 

.8 
1.5 
2.2 
.0 
.0 

LI 
1.1 

.2 
.2 
.2 
.4 
.1 

.1 

.4 

1.1 

2.0 

.2 

.2 

.4 

1.1 

2.6 

.4 

0.0 

1.3 

1.3 

.7 

.0 

.0 
6.0 
18 
8.0 
4.6 

1.3 
.8 
1.6 
1.6 
.4 
.4 

3.3 
1.1 
1.1 
1.1 
2.0 

2.0 
3.3 
3.3 
4.4 
4.4 

4.4 
4.4 
4.4 
4.4 
4.4 

3.3 
3.3 
3.3 
1.6 
0.0 

U 
3.3 
3.3 
4.4 
4.4 

3.3 
1.1 
.4 
.4 
.4 
.4 

6.0 

4.6 

.6 

.6 

.6 

.4 
.4 
.4 
.4 
.4 

.4 

1.6 
.3 
.3 
.0 

.4 

.4 

1.1 

1.1 

2.0 

6.5 
6.6 
2.0 
2.0 
1.6 

3.3 
2.0 
2.0 
1.6 
1.1 

1.1 

2!  6 
2.6 

1.6 
1.1 

8.0 
8.0 

""8.0" 
8.0 

14 

4.5 
8.0 
6.0 
8.0 

4.5 
4.5 
4.5 
2.0 
4.5 
10 

.0 
.0 
.0 
.0 
.2 

.0 
.0 
.0 
.0 
.0 

.0 
.0 
6.0 
.0 
.0 

.0 
.0 
.0 
.0 
.0 

.0 
.0 
.0 
.0 
2.0 

1.0 
.4 
.2 
.2 
.2 
.2 

ise""* 

06 

34 

60 

22 
22 

32 
32  • 
22 

0.0 

5.5 

5.5 

2.0. 

3.3 

3.3 

.0 
.0 
.0 
.2 
.2 

.2 
.0 
.0 
.0 
.2 

.0 
.0 
.2 
.2 
2.0 

.2 
2.0 
6.0 
10 
3.0 

6.0 
5.0 
2.0 
4.0 
4.0 

15 
12 
10 
10 
10 
.0 

0.1 

.0 
.0 
.0 
.0 
47 

31 
72 
72 
53 
62 

53 
63 
72 
3.0 
14 

20 

9.0 
14 
14 

9.0 

5.0 
3.0 
3.0 
3.0 
3.0 

.2 
.2 
.2 
.2 
.2 

a4 

.4 
'.4 
.4 
.4 

1.1 
6.6 
3.3 
1.1 
1.1 

2.0 
2.0 
1.1 
2.0 
l.l 
.8 

.2 
.2 
.2 
.2 
.2 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
.2 

.2 
.2 
.2 
.2 
.2 

.2 
.2 
.2 
.2 
.2 

.2 
.2 
.2 
.2 
.2 
.2 

0.4 
.4 
.4 
.4 
.4 

.4 
.4 
.4 
1.1 
1.1 

1.1 
l.l 
2.0 
2.0 
2.0 

.2 
.2 
.2 
.2 
.2 

.2 
.2 
.2 
.2 
.2 

.2 
.2 
.2 
.2 
.2 

.2 
.2 
.2 
.2 
.2 

.2 
.2 
.2 
.2 
.2 

.2 
4.0 
4.0 
2.0 
2.0 

•0.1 

17 

18 

19 

20 

i!i 

21 

1.1 

22 

1.1 

23 

1.1 

24 

25 

2d 

27 

28 

29 

30 

31 

1.1 

1900. 
1 

.2 

2 

.2 

3 

.2 

4.. 

.2 

5 

.2 

6 

.2 

7 

.2 

8 

.2 

9 

.2 

10 

.2 

11 

.2 

12 

.2 

13 

.2 

14 

.2 

16 

.2 

1« 

.2 

17 

.2 

18 

.2 

19 

.2 

20 

.2 

21 

.2 

22 

.2 

23 

.2 

24 

.2 

26 

.2 

26 

.2 

27 

.2 

28... 

.2 

29 

.2 

30 

.2 

31 

.2 

Note.— Discharges  June  1  to  December  31 ,  1907,  were  obtained  from  a  rating  curve  that  is  not  well  defined! 
January  1  to  .August  1, 1908,  by  the  indirect  method  for  shifting  channels;  August  2-12, 1908.  estimated! 
August  17, 1908,  to  June  30, 1909,  from  a  rating  curve  that  is  fairly  well  defined;  July  1  to  December  31, 1900, 
estimated  by  the  hydrographer. 
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Monthly  discharge  of  Santa  Fe  Creek  at  Santa  Fe,  N.  Mex.J&r  1907-1909. 


Month. 

Discharge  in  second-feet. 

Run-off 
(total  in 
acre-feet). 

Accu- 

Maximum. 

Minimum. 

1.0 
.5 
.5 
.5 
.5 
1.0 
1.3 

Mean. 

racy. 

1907. 
June * 

22.0 
1.0 
85.0 
34.0 
1.0 
3.5 
8.6 

13.7 
.56 
4.53 
6.71 
.54 
1.54 
4.80 

815 
34 

279 

399 
33 
92 

295 

D. 

July 

D. 

August 

D. 

September 

D. 

October 

D. 

November 

D. 

December 

D. 

The  period 

1,950 

1908. 
Jftnuftry .....,.,.- .,,,...,..., 

8.2 
5.2 
4.7 
2.2 

18  ' 

26 

14 
186 
2.0 
5.5 
2.0 
2.0 

1.0 
.9 
.1 
.0 
.0 
.0 
.0 

2.0 
.1 
.4 
.1 
.0 

4.04 

2.70 

1.05 

.22 

1.66 

3.10 

3.53 

64.4 

.26 

.94 

.64 

.52 

248 

155 

65 

13 

101 

184 

203 

3,450 

16 

68 

38 

32 

D. 

Fehnm'ry. 

D. 

March    .  

D. 

April 

D. 

May 

D. 

June 

D. 

July  (29  days)  ^ .       ...                         

D. 

Auinist  (27  d*vs) ,,,,--..                   

D. 

September 

D. 

October 

D. 

Novemljer 

D. 

December 

D. 

Theperlod 

4.560 

1909. 

January ,     .  r 

2.6 
2.0 
2.0 
2.6 
14.0 
5.6 
6.0 
15.0 
72.0 
2.0 
4.0 
.2 

0.1 
.1 
.2 
.1 
.4 
.1 
.0 
.0 
.0 
.2 
.2 
.2 

1.46 
.81 
.90 
.69 

3.36 

1.46 
.34 

3.24 

20.6 

.72 

.57 

.20 

89 
45 
55 
35 

207 
86 
21 

199 
1,220 
44 
34 
12 

D. 

February.              

D. 

March 

D. 

April 

D. 

May 

D. 

Jiine 

D. 

July 

August ,,,..,.,.,.... 

D. 
D. 

September 

D. 

October 

D. 

November 

D. 

December 

D. 

The  year 

72.0 

.0 

2.84 

2,050 

FLOOD  ON  BLUEWATER  CREEK,  N.  MEX.,  SEPTEMBER  6,  1909. 
By  W.  B.  Freeman,  district  engineer. 

In  the  early  part  of  September,  1909,  there  were  very  heavy  rains 
in  nearly  every  part  of  New  Mexico,  which  caused  great  floods  and 
did  considerable  damage.  The  storm  from  September  4  to  6  in  the 
Zuni  Mountains,  following  frequent  and  heavy  rains  in  July  and 
August,  resulted  in  the  failure  of  the  Zuni  dam  at  Blackrock  and  the 
Bluewater  dam  on  Bluewater  Creek,  some  distance  above  Bluewater 
station  on  the  Santa  Fe  Railway,  in  Valencia  County. 

The  flood  on  Zuni  River  and  the  failure  of  the  Zuni  dam  are  de- 
scribed in  Water-Supply  Paper  269,  and  also  in  the  Engineering  News 
of  August  25,  1910.  . 

The  Bluewater  dam,  which  had  been  completed  about  four  years, 
was  located  in  the  canyon  just  below  the  junction  of  Azul  Creek 
with  Bluewater  Creek,  about  10  miles  west  of  Bluewater.  It  might 
be  termed  an  earth  and  rock  fill  dam,  some  300  feet  long  on  top  and 
about  35  feet  high.     The  slopes  averaged  probably  2J  to  1,  or  over, 
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and  the  dam  was  riprapped  on  the  inside  slope.  The  central  portion 
of  the  dam  was  made  up  of  stratified  limestone,  which  from  the  sec- 
tion exposed  by  the  failure  appears  to  have  been  laid  by  hand.  The 
dam  did  not  rest  on  or  go  down  to  bedrock,  but  the  foundation  was 
only  about  10  feet  above  bedrock,  which  is  of  limestone  and  fairly 
uniJForm  in  elevation  across  the  canyon.  Both  the  inner  and  outer 
slopes  of  the  dam  were  of  earth. 

The  capacity  of  the  reservoir  is  not  known.  The  cost  of  the  dam 
is  believed  to  have  been  about  $35,000. 

The  approximate  drainage  area  above  the  dam  is  240  square  miles, 
much  of  which  is  fairly  well  forested.  The  elevations  range  from 
7,000  feet  to  about  9,200  feet  on  the  tops  of  the  mountanis  which  form 
the  Continental  Divide. 

The  dam  site  is  a  very  good  one.-    It  was  first  surveyed  by  the 

United  States  Geological  Survey,  and  is  described  as  Reservoir  No.  33, 

.on  page  195  of  part  2  of  the  Twelfth  Annual  Report.     According  to 

that  report  the  reservoir  would  have  a  capacity  of  53,000  acre-feet 

and  an  area  of  1,900  acres,  with  a  dam  74.5  feet  high. 

Mr.  R.  M.  Jones,  an  engineer  of  Denver,  Colo.,  was  at  the  dam  a 
short  time  before  its  failure,  making  estimates  for  its  enlargement, 
and  was  there  also  immediately  after  its  failure.  He  had  an  oppor- 
tunity to  talk  to  the  watchman  at  the  dam,  who  was  present  when  it 
failed.  It  appears  that  the  particular  storm  which  caused  its  destruc- 
tion followed  in  a  general  way  the  crest  of  the  Zuni  Mountains  and 
was  what  is  commonly  known  as  a  cloudburst.  Old  residents  in 
that  vicinity  stated  that  the  rainfall  was  by  far  the  heaviest  that  they 
had  ever  witnessed.  The  water  in  the  reservoir  did  not  rise  gradually 
but  rather  by  large  increments,  as  the  flood  from  each  tributary  arrived 
separately,  the  time  depending  largely  on  the  distance  the  water  had 
to  travel — that  is,  the  flood  water  from  one  stream  would  come  down 
in  a  rush,  causing  a  sudden  rise  in  the  reservoir,  which  would  remain 
practically  stationary  for  a  few  minutes,  when  the  waters  from  another 
stream  would  come  rushing  down.  The  result  was  that  the  reser- 
voir was  soon  filled  and,  the  spillway  being  inadequate  to  take  care  of 
the  excess  waters,  the  dam  was  topped  to  a  depth  of  about  1 J  feet.  It 
was  then  torn  out  by  the  flood  waters,  which  cut  a  channel  to  bedrock 
and  left  only  the  ends  of  the  dam  standing.  This  violent  storm  was 
evidently  only  of  short  duration,  but  the  run-off  was  tremendous. 
No  estimate  even  can  be  made  of  its  amount. 

The  dam  failed  on  the  afternoon  of  September  6,  just  a  few  minutes 
before  the  failure  of  the  Zuni  dam,  which  went  out  as  a  result  of  the 
same  storm. 

The  Bluewater  dam  was  owned  by  the  Bluewater  Development 
Company.  A  small  dam  at  the  same  site  was  washed  out  several 
years  ago. 
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A  description  of  the  flood  and  the  failure  of  the  dam,  by  C.  E.  Lin- 
ney,  section  director,  United  States  Weather  Bureau,  is  to  be  found 
on  page  639  of  the  Monthly  Weather  Review  for  September,  1909. 

The  accompanying  tables  show  the  rainfall  at  various  points  in  that 
vicinity  during  August  and  the  first  part  of  September. 

Daily  precipitation  in  indies  in  the  vicinity  of  Bluewater  efowi,  Ifew  MexioOf  from 


August  1  to  September  6,  1909. 

Day. 

n 

Ii 

II 

ll 

5S 

1 

5 

1 

Day. 

n 

1^ 

5c 

1' 

i 

j 

AUG. 
1 

0.30 

0.71 

0.10 
Tr. 

'.26 
.20 

.60 
.20 
.10 
.20 

0.51 

■'.29" 
.82 
.17 

0.15 
1.05 

"".'io 

Tr. 
.50 
.35 
.20 
.70 

"20 

AUG.— con. 
21 

0.28 

0.62 
.29 
Tr. 

0.20 

0.90 

2 

0.35 
.29 
.36 
.28 

22  ... 

Tr. 
.63 
.07 
Tr. 

Tr. 
Tr. 
Tr. 
.13 
.20 

0.50 

3 

.18 

Tr. 

23 

.20 

3.00 

4 

24  ... 

5 

.13 

25 

.37 
.58 

"."i2* 
.63 

Tr. 

Tr. 
.03 
Tr. 

"  ♦  " 
.66 

1.30 

.50 
.20 
Tr. 
.20 
.20 

8 

26 

.44 

7 

.09 

.20 

27     ... 

8 

28 

.45 
.96 

9 

.13 
.10 

.04 

.27 
.04 

.05 

.48 

29 

.50 

10 

30 

.30 

Tr. 
Tr. 

* 
.60 

Tr. 
Tr. 

1.62 
1.18 

31 

jl 

Total  for 
month.. 

SEfT. 

12  .    . 

2.83 

4.09 

3.73 

5.40 

10.03 

13 

Tr. 

.08 
Tr. 

Tr. 
.01 
.06 
.02 
Tr. 

7.65 

14 

'tr. 

.50 
.10 
.20 
Tr. 
.30 

50 

15 

.74 
.19 
.60 
.76 

:::::: 

0.03 

Tr. 

0..40 

0.18 

'.'28" 
'.■38 

.32 

".'is' 

.22 

0.50 

16 

2 

17 

8 

.04 
.20 
.60 
.46 



.63 
.91 
.42 
Tr. 

.32 
1.20 

.59 
1.20 

.38 

".88" 
.70 

18 

4 

.50 

W 

5 

.20 

20 

6 

.01 

lOMBBES  BHTEB  BASI2T. 
MIMBRES  RIVER   NEAR   FAYWOOD,   N.   MEX. 

The  station,  which  is  located,  about  6  miles  southeast  of  Faywood 
Hot  Springs  and  10  miles  from  Faywood  station,  on  the  Silver  City 
branch  of  the  Santa  Fe  Railway,  was  established  April  23,  1908,  to 
determine  the  amount  of  water  available  for  storage. 

No  important  tributaries  enter  in  the  vicinity  of  the  station,  though 
many  intermittent  tributaries  come  in  both  above  and  below.  The 
drainage  area  is  about  450  square  miles. 

Some  water  is  used  for  irrigation  in  the  Mimbres  Valley  below  the 
station,  but  as  this  is  primarily  a  flood  stream  and  as  storage  has  not 
been  provided,  such  irrigation  is  uncertain.  By  storing  the  flood 
water  and  cutting  off  the  underflow  at  the  Rio  Mimbres  dam  site,  it 
will  be  possible  to  reclaim  several  thousand  acres  of  land  along  this 
stream. 

The  gage  is  located  about  400  feet  below  the  proposed  Rio  Mimbres 
reservoir  dam  site.  The  gage  datum  was  lowered  4  feet  on  July  8, 
1909,  and  was  afterwards  raised  3  feet  on  August  13,  1909,  when  a 
Friez  automatic  gage  was  installed  200  feet  above  the  chain  gage  on 
the  right  bank.     (See  PL  VI,  A.) 


Digitized  by 


Google 


76 


SUEFACE  WATEB  SUPPLY,  1909,  PART  VHI. 


The  flow  of  the  stream  at  the  gaging  station  is  not  usually  affected 
by  ice  during  the  winter  months.  As  the  channel  is  very  shifting  in 
character,  frequent  measurements  are  necessary  at  high  and  medium 
stages  to  obtain  the  best  results.  Measurements  during  high  stages 
are  made  from  a  cable  1 ,000  feet  below  the  automatic  gage. 

Discharge  measurements  of  Mimbres  River  near  Faywood,  N.  Mex.,  in  1909. 


Date. 

Hydrographer. 

Width. 

Feet. 

21.5 
8.8 
7.0 
8.0 
8.3 

79.5 

11.6 

17 

11.6 

Area  of 
section. 

Oaee 
height. 

Dis- 
charge. 

Jan.  6 

J.  B.  Stewart 

Sq.ft. 
6.4 
3.8 
1.6 
1.8 
1.6 
44.3 
2.1 
3.2 
2.8 

Feet. 

3.90 

3.60 

3.65 

3.70 

3.90 

4.70 

0  1.16 

ftl.30 

cl.W 

Sec.-fl. 
8.8 

Feb.  3 

do ! 

5.2 

Apr.  27 

do 

2  0 

Jun«  in 

do 

1.1 

July  8 

do 

1  4 

Aug.  13 

do 

164 

AuR.20 

do 

1.5 

Sept.  1 

do 

3.6 

Oct.  12 

W.  B.  Freeman 

3.8 

a  Chain  gage  read  4.15  feet.  b  Chain  gage  read  4.30  feet.  eChaln  gage  read  4.20  feet. 

Daily  gage  height,  in  feet,  of  Mimbres  River  near  Faywood,  N.  Mex.,for  1909. 
[Ralph  C.  Tnijlllo,  observer.) 


Day. 


Jan.      Feb.     Mar.     Apr.     May.    June.    July.     Aug.     Sept.     Oct.     Nov.    Dec 


1 
2 
3 
4 
6 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18, 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30. 
31. 


4.2 
4.2 
4.1 
4.0 
4.0 

3.9 
3.9 

3.9 
3.8 
3.8 

3.8 
3.8 
3.9 
3.9 
3.9 

3.9 
3.9 

3.9  I 
3.9 
3.9  I 

3.8  ' 
3.8  I 
3.8 
3.8 
3.8 

3.8  I 
4.0  , 

3.9  I 
3.8  ' 
3.8 
3.8 


3.8 
3.8 
3.6 
3.6 
3.7 

3.8 
3.7 
3.7 
3.7 
3.7 

3.6 
3.6 
3.6 
3.6 
3.6 

3.6 
3.6 
3.6 
3.7 
3.7 

3.8 
3.8 
3.8 
3.7 
3.7 

3.7 
3.7 
3.7 


I 


3.7 
3.7 
3.7 
3.7 
3.7 

3.7 
3.7 
3.7 
3.7 
3.7 

3.7 
3.7 
3.8 


3.7 
3.7 
3.7 
3.7 
3.7 

3.7 
3.7 
3.7 
3.7 

3.8 

3.9 
3.9 
3.8 
3.8 
3.7 
3.7 


3.7 
3.7 
3.7 
3.6 
3.6 

3.6 
3.6 
3.6 
3.7 
3.7 

3.7 
3.7 
3.7 
3.7 
3.7 

.3.7 
3.7 
3.7 
3.6 
3.6 

3.6 
3.6 
3.6 
3.6 
3.6 

3.65 

3.65 

3.7 

3.7 

3.7 


•3.7 
3.65 
3. 65 
3.65 
3.7 

3.7 

3.66 

3.7 

3.7 

3.7 

3.65 

3.65 

3.7 

3.7 

3.76 

3.75 
3.76 
3.75 
3.75 
3  75 

3.75 

3.75 

3.7 

3.7 

3.7 

3.65 

3.65 

3.65 

3.7 

3.7 


I 


3.7 
3.7 
3.7 
3.7 
3.7 

8.7 
3.7 
3.7 
3.7 
3.7 

3.7 

3.7 

3.75 

3.75 

3.75 

3.75 

3.75 

3.7 

3.75 

3.75 

3.8 
3.8 
3.8 
3.8 
3.8 

3.75 
3.75 
3.75 
3.85 
3.95 


3.75 

3.85 

4.05 

3.8 

3.76 

3.9 
4.1 
3.9 
3.9 
3.9 

3.9 

3.9 

4.6 

3.95 

3.95 

3.9 
3.9 
3.9 
3.9 
4.0 

4.0 

3.95 

3.9 

3.95 

4.0 

4.0 

3.9 

3.9 

3.9 

3.96 

4.0 


3.85 

3.85 

3.86 

3.9 

3.9 

3.95 

3.95 

3.95 

3.9 

3.95 

4.0 

4.1 

4.0 

4.55 

4.55 

1.3 
1.2 
1.1 
1.1 
1.15 

1.15 

1.2 

1.45 

1.36 

1.3 

1.2 
1.2 
1.2 
1.2 
1.2 
1.4 


1.3 

1.26 

1.3 

1.3 

1.6 

1.2 

1.1 

1.05 

1.05 

1.15 

1.45 

1.35 

1.35 

1.3 

1.25 

1.25 

1.25 

1.25 

1.2 

1.2 

1.15 
1.15 
1.15 
1.15 
1.16 

1.15 
1.15 
1.15 
1.15 
1.15 


1.15 
1.15 
1.15 
1.15 
1.15 

1.16 
1.16 
1.15 
1.15 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 
1.2 


1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 

1.16 

1.2 

1.2 

1.2 

1.2 

1. 

1. 

1. 

1. 


1.05 
1.05 
1,06 
1.05 
1.0 

1.0 
1.0 
1.0 
1.0 
.95 

.95 
.96 
.96 
.95 
.9 

.9 
.9 
.9 
.9 
.9 

.9 
.9 
.9 
.9 
.0 

.95 
.95 
.95 

1.0 

1.0 

1.0 


Note.  -July  8  gage  datum  lowered  4.0  feet.  All  gage  heights  from  January  1  to  July  7  have  been  reduced 
to  new  datura.  On  August  16  a  Friez  automatic  gage  was  Installed  about  200  feet  atwve  chain  gage  The 
Frelz  gage  reads  about  3  feet  lower  than  the  chain  gage,  but  its  zero  is  about  0.4  foot  above  that  of  the  chain 
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A.     AUTOMATIC  GAGE  ON  MIMBRES  RIVER  NEAR  FAYWOOD,  N.  MEX. 


B.     PECOS  RIVER  VALLEY  BETWEEN  RlBERA  AND  FORT  SUMNER.  N    MEX, 
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Daily  discharge^  in  second-feet,  of  Mimbres  River  near  Faywoody  N,  Mex.^  for  1908-9, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 


May. 
ia4 

13.4 
25 
25 
13.4 

13.4 

ia4 
ia4 
ia4 
ia4 

ia4 

6.3 
6.3 
6.4 
6.5 

6.6 
6.8 
6.9 
7.0 
14.6 

14.7 
14.8 
14.9 
15.0 
16ul 

7.4 
7.5 

7.6 
7.7 

7.8 
7.8 

3.0 
1.8 
1.8 
1.8 
3.0 

3.0 
1.5 
2.4 
2.4 
2.4 

1.5 
1.5 
2.4 
2.4 
3.2 

3.2 
3.2 

a2 

3.2 

a2 

3.2 
3.2 
2.0 
1.6 
1.6 

:? 

.7 
1.6 
1.6 
1.6 

June.  1 

1 

15.5 
15.6 
15.7 
15.8 

7.8 

7.8 
7.9 
7.9 

ao 
ao 

ai 
a2 
a3 
a4 
a5 

a6 
a7 
as 
a9 

9.0 

9.1 
9.2 
9.3 
9.4 
9.5 

9.6 
9.7 
9.8 
9.9 
10.0 

1.6 
1.5 
1.5 
1.4 
1.4 

1.3 

1.2 

1:1 

1.1 

.8 
.8 
1.6 
1.6 
1.3 

1.3 
1.3 
.5 
.7 
.7 

1.7 
1.7 
1.2 
1.2 
1.2 

.5 

:l 

1.6 
4.2 

July. 

lai 
ia2 
ia3 
las 
ia3 

ia4 

10.4 

las 

21 
35 

35 
21 

las 

345 
34 

72 
435 
53 
53 
63 

36 
22 
10.6 
10.6 
515 

345 
630 
515 
435 
106 
38 

0.1 
1.1 
7.8 
.4 
.1 

1.7 
9.1 
1.4 
1.6 
1.6 

1.6 
1.6 
93 
2.7 

2.7 

1.6 
1.6 
2.2 
2.2 
5.3 

5.3 
3.4 
2.2 
3.4 
5.3 

5.3 
2.7 
2.7 
2.7 
4.3 
6.7 

Aug. 

Sept. 

Oct. 

Nov 

Dec. 

1906. 
1 

39 
143 
106 

56 

38 

24 
38 
39 
39 
39 

39 
24 
24 
24 
220 

106 

57 

39 

39 
345 

79 
39 
39 
39 
39 

57 
910 
56 
39 
1,000 
60 

1.7 
1.7 
1.7 
2.7 
3.5 

5.4 
5.4 
5.4 
3.5 
5.4 

9.0 
18 
9.0 
108 
108 

7.0 
3.0 
1.0 
1.0 
1.5 

2.0 
2.0 
20 

ao 

5.0 

1.5 
1.5 
1.0 
1.0 
1.0 

a  5 

41 

41 
520 
112 

41 

41 
41 
41 
41 
41 

41 
41 
41 
41 
41 

41 
68 
68 
41 
60 

41 
59 
41 
41 
41 

59 
50 
41 
42 
42 

8.5 
2.0 
4.0 
4.0 
18 

2.5 
1.0 
.5 
.5 
1.0 

15 

ao 
ao 

5.5 
4.0 

4.0 
4.0 
4.0 
2.0 
2.0 

1.0 
1.0 
1.0 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1.5 

42 

42 
61 
61 
42 

61 
61 
61 
42 
61 

61 
61 
61 
61 
61 

42 
42 
42 
42 
42 

42 

ti 

42 
61 

61 
61 
44 
44 
44 
28 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
4.0 

4.0 
4.0 
4.5 
4.5 
5.0 

5.0 
5.0 
5.0 
5.0 
5.5 

5.5 
6.0 
6.0 
6.0 
6.0 

6.5 

6.5 
6.5 
6.5 
6.5 
7.0 

28 
16 
16 
16 
16 

16 
16 
16 
28 
28 

28 

52 
44 
28 

16 
16 
28 
28 
16 

16 
16 
16 

28 
28 

28 
28 
28 
28 

28 

7.0 
7.0 
7.0 
7.0 
7.0 

7.5 
7.5 
7.5 
7.5 
7.5 

ao 
ao 
ao 
ao 
ao 

ao 

6.0 

a  5 
a  5 
a  5 

as 

6.5 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 
5.0 



28 

2               .  . 

28 

3 '. 

28 

4 

5 

6 

1 

7 

8 1     i 

9              1       ,      : 

10 

11 

1 

12 

13 

30 

14 

:::::::::::;: 

46 

15                          ' 

46 

16         .                 ' 

65 

17 ' 

46 

18 

: 

46 

19 

1 , 

16 

30 

1 

30 

21 

! 

30 

22         

30 

23 

30 

24 

1 

30 

25 

46 

26 

46 

27. 

46 

28 

30 

29 

30 

30 

30 

31 

30 

1909. 
1 

46 
46 
30 
17 
17 

.  as 
as 
a5 

4.4 

5.0 

6.0 
6.0 

13 

13 

15 

15 
15 
15 
20 
20 

10.4 
10.4 
13.5 
13.5 
13.5 

13.5 

45 

30 

17 

17 

21 

21 

21 
5.2 
4.6 

10 

20 
10 
10 
10 
10 

4.6 
4.6 
4.6 
4.6 
4.0 

4.0 
4.0 
4.0 

as 
as 

17.5 
17.5 
17.5 

as 
ao 

B.0 

ao 
ao 



7.8 
7.S 
7.8 
7.8 
7.8 

7.8 
6.7 
6.7 
6.7 
6.7 

6.7 
6.7 

14 

25 

14 

6.7 
6.7 

4.8 
4.8 
4.8 

4.8 
4.8 
4.8 
4.8 
12.1 

23 

23 

10.5 

10.5 
5.0 
5.0 

5.0 
5.0 
5.0 
2.0 
2.0 

2.0 
1.6 
1.6 
4.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4.0 

4.0 
3.5 
3.5 
2.6 
2.6 

2.6 
2.6 
2.6 
2.6 
2.6 

2.0 
2.0 
3.0 
3.0 
3.0 


3.5 

2 

3.6 

3 

3.6 

4 

3.6 

6 

2.0 

6 

2.0 

7        .   . 

2.0 

8 

2.0 

9 

2.0 

10 

2.0 

11 

2.0 

12 

2.0 

13 

2.0 

14 

2.0 

15 

1.5 

16 

1.5 

17 

1.5 

18 

1.5 

19 

1.5 

20 

1.5 

21.'. 

1.5 

22 

1.5 

23 

1.5 

24 

1.5 

26 

1.5 

26 

2.5 

27 

2.5 

28 

2.5 

29 

4.0 

30 

4.0 

31 

4.0 

Note.— The  discharges  for  1908-9  were  obtained  by  the  indirect  method  for  shifting  channels. 
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Monthly  discharge  of  Mimbrts  River  n&ast  Foywood^  N.  Mex.,  for  1908-9. 


Month. 


May 

June 

July 

August 

Septemljer. 

October 

November. . 
December.. 


19Q6. 


The  period. 


January 

February... 

March 

AprU 

May 

June 

July 

August 

September. 

October 

November.. 
December.. 


1900. 


The  year. 


Discharge  in  socond-feet. 


Maximum.   Minimum.      Mean. 


25 

6.3 

16.8 

7.8 

130 

10.1 

OO 

24 

)20 

41 

61 

28 

44 

16 

65 

16 

46 

4.4 

21 

4.0 

25 

4.8 

5.0 

1.6 

8.2 

.7 

4.2 

.2 

93 

.1 

108 

1.0 

18 

.5 

7.0 

2.0 

8.5 

5.0 

4.0 

1.5 

108 

.1 

11.6 
9.70 

126 

124 
63.0 
60.3 
23.9 
3a3 


17.2 
9.54 
8.91 
3.15 
2.21 
1.25 
5.92 

11.4 
3.57 
4.47 
6.90 
2.26 


6.40 


Run-off 
(total  in 
acre-feet). 


713 
577 
7,750 
7,620 
3,750 
3,090 
1,420 
1,860 


26.800 


1,060 
530 
648 
187 
136 
74 


701 
212 
275 
411 
139 


4,640 


Accu- 
racy. 


364     C. 


CAHEEON  CBEEK  BASIN. 
CAMERON   CREEK   AT   FORT   BAYARD,    N.    MEX. 

This  station,  which  was  estabhshed  on  January  17,  1907,  at  the 
request  of  the  United  States  Forest  Service,  to  obtain  data  concerning 
flood  run-off,  is  located  near  the  pumping  station  at  Fort  Bayard, 
N.  Mex.,  a  United  States  Army  post.  The  gage,  a  vertical  rod,  is  a 
short  distance  above  the  crest  of  an  old  masonry  dam,  which  was 
used  to  check  the  underflow  of  the  creek. 

For  the  greater  part  of  the  year  the  flow  comes  from  springs,  and 
amounts  to  less  than  1  second-foot.  Stephens  Creek  enters  about  2 
miles  above  this  station. 

The  intake  for  the  water  supply  of  the  post  is  above  the  station, 
and  a  Uttle  water  is  also  diverted  above  for  garden  irrigation.  The 
flood  waters  of  this  stream  can  probably  be  stored  in  natural  depres- 
sions in  the  vicinity,  which  will  make  excellent  reservoir  sites..  These 
can  be  supplied  by  feeder  canals. 

Ice  does  not  appreciably  affect  the  flow  of  the  stream  at  this 
point.  The  channel  has  filled  up  with  sediment  above  the  dam, 
which  probably  has  some  effect  on  low-water  measurements.  The 
channel  is  probably  permanent  for  measurements  taken  at  higher 
stages.  Unfortunately  "no  high-water  measurements  have  yet  been 
made.     Measurements  are  made  by  wading. 


Digitized  by 


Google 


WESTERN   GtJLF   OF   MEXICO. 


79 


No  change  has  been  made  in  the  datum  of  the  gage  during  the  main- 
tenance of  the  station.  Gage  observations  have  been  taken  gratis 
by  Sergt.  T.  J.  McBurney,  U.  S.  Army. 

Discharge  meaurements  of  Cameron  Creek  at  Fort  Bayard^  N.  Mex.y  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Gage 
hoij^t. 

Dis- 
charge. 

Jan.  5 

Jas.  B.  Stewart 

Feet. 

Sq.ft. 

Feet. 
1.65 
1.70 

Sec -ft. 

aO.6 

Feb.  5 

do 

2.2 

1.5 

.3 

Apr.  16    

do 

5 

Juiie4 

do 

1.62 
1.62 
1.32 
1.36 

.5 

July  7 

do i  

.5 

Aug.8 

do 

.5 

Oct.  8 

\V-  B-  Frwmftn 

^ 

a  2 

'\ 

Note. 


a  Estimated. 
-Gage  heights  are  distorted  by  a  dam  below. 


Daily  gage  height,  in  feet,  arid  daily  discharge,  in  second-feet,  of  Cameron  Creek  at  Fort 

Bayard,  N.  Mex.,  for  1909. 


Pate. 


Jan.  1  to  June  28 

Jmie  29 

Jane  30- July  2... 

July  3 

July  4-12 

July  13 

July  14 

July  15 

July  16 

July  17 

July  18 

July  19 

July  20 


Gage 

Dis- 

height. 

charge. 
0.6 

1.45 

1.60 

.5 

1.45 

.5 

1.50 

.5 

1.45 

.5 

1.60 

.5 

1.55 

.5 

1.45 

•    .6  ' 

1.75 

1.0 

1.45 

.5 

1.75 

1.0 

1.95 

8.0 

1.55 

.5 

Date. 


July  21-31 

Aug.  1 

Aug.  2-10 

Aug.  11 

Aug.  12-13 

Aug.  14 

Aug.  15-16 

Aug.  17 

Aug.  18-20 

Aug.  21 

Aug.  22-26 

Aug.  27 

Aug.  28- Dec.  31 


Note.— The  gage  heights  for  low  stages  are  not  a  true  index  of  the  discharge. 

Monthly  discharge  of  Cameron  Creek  at  Fart  Bayard,  N.  Mex.,  for  1909. 


Discharge  in  second-feet. 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Mean. 


0.5 

a5 

.5  ' 

.5 

.5  • 

.6 

.5 ; 

.5 

.5  : 

.6 

.5  1 

.6 

.51 

.77 

.2  • 

6.57 

.2 

.2 

.2 

.2 

.2  1 

.2 

.2  1 

.2 

Run-off 
(total  in 
acre-feet). 


31 
28 
31 
30 
31 
30 
47 
404 
12 
12 
12 
12 


680 


Accu 
racy. 
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STEPHENS   CREEK   NEAR   FORT   BAYARD,   N.   MEX. 

This  station,  which  was  established  January  17,  1907,  at  the  request 
of  the  United  States  Forest  Service,  is  located  one-fourth  mile  above 
the  Fort  Bayard  planting  station  of  the  Forest  Service,  3  miles  north 
of  Fort  Bayard. 

The  records  furnish  valuable  information  concerning  normal  and 
flood  run-off.  The  station  is  situated  about  2  miles  above  the  junc- 
tion of  this  stream  with  Cameron  Creek. 

The  normal  flow  of  this  creek  is  very  small,  but  for  short  periods 
during  floods  it  occasionally  carries  a  large  flow,  which  can  probably 
be  stored.  The  intake  for  the  water  Supply  of  the  planting  station 
is  above  the  gage. 

The  records  of  this  station  are  little,  if  any,  affected  by  ice..  The 
results  obtained  have  not  been  very  satisfactory,  owing  to  the  small 
number  of  discharge  measurements,  none  of  which  were  taken  when 
there  was  any  considerable  flow  in  the  stream. 

No  change  has  been  made  in  the  datum  of  the  gage  since  the  estab- 
lishment of  the  station. 
• 
Discharge  measurements  of  Stephens  Creek  near  Fort  Bayard,  N.  Mex,,  in  1909. 


Date. 

Jlydrographer. 

hei^t. 

DIs- 
charge. 

Jan.  5 

J.  B.  Stewart 

Feet. 
1.30 
1.32 
1.36 
1.48 
1.26 
1.25 

Sec.-ft. 

as 

Feb.  5 

do 

.4 

Apr.  16 

do 

.3 

Jiilv  7 

do 

I 

Aug.  8 

do 

[  I 

Oct.  8 

W,  B-  Frwman 

01 

Note.— Discharges  are  estimated. 

Daily  gage  height,  in  feet,  of  Stephens  Creek  near  Fort  Bayard,  N.  Mex.,for  1909. 

fH.  C.  Turner,  observer.) 


Day.             Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

1.50 
1.60 
1.20 

Sept. 
1.31 

Oct. 

Nov. 

Dec. 

1            

1.27 

1       • 

2 

•1:38 

3              

1.30 

1.25 

1.35 

4 

1.33 
1.33 

1.33 

1.30 

6 

1.90 
1.40 

1.25 

... 

1.39 

6 

1.30 
1.30 

1.30 

7 

1.48 

1.2.'i 

1.27 



8 

1.33 

:::::::' 

1  47      1  2fi 

1  35 

9 



1.28 

1.24 
1.60 

1  31 

1.40 

10 

1.36 

1.25 

11 

1.60 
2  30 

12 

1.33  1    i.45 

2  10 

1    OA 

1.40 

13 

1.30 

2.30 
2.10 

14 

1.30 

1 1 

"i'.m 

1.30       fa'i 

15 

'..!....'..!.!.; 

....... 

"l.3h' 

"i.*46 

a  Practically  dry. 
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Daily  gage  height,  in  fe^,  of  Stephens  Creek  near  Fort  Bayard,  N.Mex.,  for  1909 — Contd. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dea 

16 ' 

1.90 

"i'so' 

1.26 

1.30 
1.30 

1.27 
1.27 

17           ! 

18 ' 

1  34 

1.70 

1.40 

19             

1.30 

20 

1.30 

1.26 

1.36 

1.40 

21      

1.34 

1.37 

1.60 
1.40 

1.29 

22 

1.30 

23 

1.28 
"i.'29' 

24 

1.32 
1.32 

1.32 
1.40 

1.26 

1.36 

1.40 

25 

1.28 

1.27 
1.27 

26 

1.30 

1.34 

27 

1.40 

28 

1.30 

29 

] 

2.00 

1.32 

1.27 

1.27 

1.36 

30 

1.30 

1 

31 

1.27 

1 

PBCOS  BIVEB  DRAINAGE  BASIN. 
DESCRIPTION. 

Pecos  River,  the  largest  tributary  of  the  Rio  Grande,  rises  on  the 
east  side  of  the  Santa  Fe  Range  in  northern  New  Mexico,  flows  south 
through  eastern  New  Mexico,  then  southeast  through  southwestern 
Texas,  and  unites  with  the  Rio  Grande  about  400  miles  (by  river) 
below  El  Paso.  Except  for  some  of  the  upper  tributaries,  the 
branches  of  the  Pecos  are  intermittent,  carrying  large  floods  at  times. 
From  source  to  mouth  the  river  is  about  800  miles  long,  and  the 
total  drainage  area  includes  more  than  32,000  square  miles,  of  which 
23,000  are  in  New  Mexico  and  9,000  in  Texas. 

The  upper  Pecos  flows  as  a  typical  mountain  stream  through 
narrow  valleys  and  deeply  cut  gorges^  but  below  Fort  Sumner  the 
canyon-like  walls  are  replaced  by  low  rolling  hills  (see  PI.  VI,  jB), 
and  when  the  river  reaches  Roswell  the  gradation  from  the  flood 
plains  to  the  prairie  is  imperceptible.  Arroyos  and  gulches  are 
rare,  and  canyons  are  practically  unknown.  The  mountain  tribu- 
taries of  the  upper  Pecos  rise  at  elevations  of  about  11,000  feet; 
at  Santa  Rosa,  N.  Mex.,  the  elevation  is  4,600  feet;  at  Roswell, 
3,500  feet;  at  Pecos,  Tex.,  2,550  feet;  and  at  the  mouth  of  the  stream 
it  is  1,000  feet. 

The  main  Pecos  may  be  said  to  be  formed  by  the  junction  of  the 
Gallinas  with  the  upper  Pecos  at  Lia  Junta,  N.  Mex.  The  most 
important  tributaries  below  this  point  and  above  Roswell  are  the 
Agua  Negra  and  the  Agua  Negra  Chiquita,  which  enter  just  above 
Puerto  de  Luna.  Except  for  small  springs,  no  important  tributaries 
enter  along  this  stretch,  but  some  of  the  dry  gulches  and  arroyos 
occasionally  carry  large  quantities  of  flood  water.  Among  the  most 
83182*'— wsp  268—11 6 
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important  of  tlie  lower  tributaries  are  the  Hondo,  Rio  Felix,  the 
Penasco,  Seven  Rivers,  and  Black  River. 

It  is  rather  a  striking  fact  that  the  Pecos  receives  practically  no 
tributaries  from  the  east,  probably  because  of  the  pervious  character 
of  the  soil  of  the  Staked  Plains,  upon  wliich  there  is  no  surface 
drainage  system.  The  water  sinks  into  limestone  rocks  and  estab- 
lishes an  underground  drainage. 

The  condition  of  the  Pecos  basin  may  be  characterized  roughly 
as  follows:  Merchantable-timber  land,  1,300  square  miles;  wood- 
land, 2,400  square  miles;  300  square  miles  of  burnt  and  cut  over 
land;  and  the  remaining  area  of  about  27,000  square  miles  is  open 
and  sage-brush  land. 

The  rainfall  along  the  Pecos  in  New  Mexico  ranges  from  20  to  25 
inches  in  the  mountainous  sections,  as  above  Las  Vegas  and  at 
Cloudcroft,  to  about*  15  inches  in  the  plains  countiy,  or  in  the  vicinity 
of  Roswell  and  Carlsbad.  Through  Texas  the  rainfall  is  light,  the 
annual  average  being  about  12  inches. 

During  the  winter  period  the  flow  of  the  Pecos  is  supi)lied  mainly 
by  springs.  The  river  has  been  known  to  go  dry  in  the  neighbor- 
hood of  Colonias,  N.  Mex. 

Considerable  ice  forms  on  the  upper  Pecos,  and  heavy  snows  are 
common.  In  the  vicinity  of  Santa  Rosa  and  Fort  Sumner,  thin  ice 
and  slush  ice  are  in  evidence  during  a  part  of  the  wdnter.  Ijower 
down  the  valley  there  is  an  occasional  light  snow,  which  disappears 
very  quickly,  and  at  times  there  is  thin  ice  along  the  edges  of  the 
river.  In  the  lower  end  of  the  valley  the  climate  is  mild.  The 
rainfall  comes  mainly  in  the  summer  months,  in  the  form  of  showers, 
and  is  variable  and  uncertain. 

Irrigation  in  New  Mexico  has  reached  its  highest  stage  of  develop- 
ment in  the  lower  Pecos  Valley,  the  irrigated  district  beginning  a 
short  distance  above  Roswell  and  continuing  into  Texas.  Thou- 
sands of  acres  are  under  cultivation,  and  a  wise  and  economical 
system  of  reservoirs  and  canals  is  in  force.  The  surface  waters  have 
been  greatly  augmented  during  the  past  few  years  by  numerous 
artesian  wells.  Above  this  fertile  belt  comparatively  little  farming 
is  engaged  in;  below  it  irrigation  is  carried  on  only  in  a  small  way, 
as  the  return  seepage  water  contains,  unfortunately,  a  great  per- 
centage of  alkali,  which  renders  it  undesirable  for  irrigation. 

The  recently  completed  Carlsbad  and  Hondo  projects  (PI.  IV,  B) 
of  the  Reclamation  Service  provide  for  the  irrigation  of  20,000 
and  10,000  acres,  respectively,  while  the  proposed  Urton  Lake 
project,  which  is  to  be  relinquished  by  the  Reclamation  Service 
in  favor  of  a  Carey  Act  project,  will  result  in  the  irrigation  of  about 
60,000  acres  in  the  vicinity  of  old  Fort  Sumner,  N.  Mex. 
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Numerous  reservoir  sites  are  to  be  found  along  the  Pecos  and  its 
tributaries.  Among  the  reservoirs  now  in  operation  may  be  men- 
tioned Lake  McMillan  on  the  Pecos,  and  the  Hondo  reservoir  on 
Hondo  River.  Urton  Lake,  a  natural  depression  in  the  vicinity  of 
Fort  Sumner,  will  have  a  storage  capacity  of  190,000  acre-feet.  It 
is  to  be  suppUed  by  a  feeder  canal  from  Pecos  River.  Because  of 
the  large  amount  of  silt  carried  by  this  stream  the  prevention  of  its 
deposition  must  be  taken  into  account  and  provided  for  in  the 
construction  of  reservoirs. 

On  account  of  its  long  periods  of  low  water,  this  stream  does  not 
offer  many  favorable  opportunities  for  the  development  of  power. 
At  present  there  are  no  water-power  plants  of  any  importance  in 
operation  in  the  basin,  except  a  public-Utility  plant  of  about  300 
horsepower  at  Carlsbad,  N.  Mex.  Later  there  may  be  some  power 
development  in  connection  with  irrigation  projects. 

The  records  along  this  stream  are  very  fragmentary,  and  most  of 
them  were  taken  within  the  last  five  or  six  years.  From  them  it 
would  appear  that  1903  was  a  very  low  year  and  1905  an  unusually 
high  one. 

PECOS   RIVER   NEAR   FORT   SUMNER,  N.  MEX. 

The  station,  which  was  established  on  June  12,  1904,  to  determine 
the  amount  of  water  available  for  the  Urton  Lake  project  of  the 
United  States  Reclamation  Service,  is  located  at  a  place  known  as 
Arinosa,  about  12  miles  northwest  of  old  Fort  Sumner,  N.  Mex., 
and  4  miles  upstream  from  Fort  Sumner,  a  station  on  the  Belen  cut- 
off of  the  Atchison,  Topeka  &  Santa,  Fe  Railway,  and  is  near  the 
site  of  the  proposed  diversion  dam  and  a  few  miles  below  Arroyo 
Salada.     The  nearast  post-office  is  Fort  Sumner. 

All  the  tributaries  for  a  long  distance  above  and  below  the  station 
are  intermittent  in  character  and  only  occasionally  carry  large 
amounts  of  water.  The  drainage  area  above  the  station  is  about 
5,300  square  miles. 

Some  irrigation  is  practiced  along  the  bottom  lands  at  various 
localities  above  the  station,  but  not  enough  to  materially  affect 
the  flow  of  the  stream.  The  proposed  Urton  Lake  project  will  divert 
a  considerable  portion  of  the  stream  flow  at  this  point. 

Slush  ice  sometimes  forms  at  this  station,  and  thin  ice  forms 
along  the  edges  of  the  river,  but  results  are  not  greatly  affected  by 
the  ice  conditions. 

On  July  5,  1905,  the  station  was  moved  downstream  and  a  new  rod 
gage  established  at  the  present  datum.  Otherwise  there  had  been 
no  change  in  datum. 
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On  account  of  the  extremely  shifting  character  of  the  channel, 
it  is  impossible  to  make  reliable  estimates  of  discharge  unless  very 
frequent  measurements  are  made.  High-water  measurements  are 
made  from  a  cable. 

Discharge  measurements  of  Pecos  River  near  Fort  Sumner ,  N.  Mex.^  in  1909. 


Date. 

Ilydrographer. 

Width. 

Area  of 
section. 

Gage 
height. 

Dis- 
charge. 

Jan.  29 

J.  B.  Stewart 

Feet. 
92 
46 
72 
96 
33 
220 
209 
106 
HI 

38 
59 
55 
60 
177 
161 
63 
64 

Feet. 
2.20 
2.25 
2.52 
2.33 
2.05 
2.45 
2.70 
2.46 
2.76 

Sec.'ft. 
91 

Apr.  14 

....do 

70 

June  1 

do 

126 

June  30 

.     ..do  

66 

July  20 

Aug.  25 

W.H.Sutton 

89 

.do 

380 

Sept.  6 

J.B.Stewart 

400 

Oct.  20 

W.  B.  Freeman 

95 

Dec.  7 

G.  H.  Russell 

50 

Note.— Measurements  made  at  various  sections. 

Daily  gage  height^  in  feet,  of  Pecos  River  near  Fort  Sumner ,  N.  Mex.,for  1909. 
[J.  C.  Pacheco,  observer  ] 


Day. 


1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23, 
24, 
25 

26 
27 
28 
29 
30 
31 


Jan. 
2.35 

Feb. 
2.3 

Mar 

Apr. 

May. 

June. 
2.5 

2  25 

2.35 

2.3 

2.3 

2.35 

2.25 

2.3 

2.3 

2.5 

2.35 

2.3 

2.25 

2.3 

2.35 

2.4 

2.3 

2.35 

2.3 

2.3 

2.4 

2.45 

2.3 

2.3 

2.2 

2.3 

2.4 

2.35 

2.3 

2.35 

2.25 

2.35 

2.35 

2.4 

2.3 

2.3 

2.25 

2.35 

2.3 

2.4 

2.25 

2.3 

2.25 

2.35 

2.3 

2.4 

2.25 

2.35 

2.2 

2.35 

2.4 

2.55 

2.3 

2.35 

2.35 

2.3 

.  2-^ 

2.5 

2.25 

2.35 

2.5 

2.35 

2.5 

2.5 

2.36 

2.3 

2.45 

2.3 

2.4 

2.5 

2.45 

2.3 

2.4 

2.3 

2.4 

2.7 

2.5 

2  35 

2.3 

2.3 

2.4 

2.5 

2.4 

2.5 

2.3 

2.2 

2.35 

2.5 

2.3 

2.4 

2.3 

2.3 

2.3 

2.55 

2.3 

2.3 

2.3 

2.3 

2.4 

2.6 

2.2 

2.3 

2.25 

2.:J5 

2.5 

2.5 

2.25 

2.3 

2.25 

2.3 

2.4 

2.5 

2.2 

2.3 

2.25 

2.3 

2.5 

2.5 

2.25 

2.3 

2.3 

2.5 

2.65 

2.4 

2.3 

2.35 

2.3 

2.4 

2.()5 

2.4 

2.25 

2.3 

2.25 

2.4 

2.7 

2,4 

2.35 

2.35 

2.2 

2.4 

2.46 

2.5 

2.3 

2.3 

2.3 

2.45 

2.4 

2.4 

2.25 

2.3 

2.3 

2.45 

2.5 

2.3 

2.25 

2.3 

2.3 

2.45 

2.5 

2.35 

2.2 

2.3 

2.3 

2.4 

2.5 

2.35 

2.3 

2.35 

2.35 

2.4 

2.4 

2.3 

2.3 

2.3 

2.4 

2.35 

2  3 

2.35 

2.45 

July 

Aug. 

Sept 

Oct. 
2.3 

Nov. 

2.7 

2.2 

2.7 

2.4 

2.4 

2.3 

2.5 

2.3 

2.4 

2.4 

2.2 

2.6 

2.3 

2.46 

2.3 

2.3 

2.55 

2.35 

2.4 

2.4 

2,3 

2.6 

2.36 

2.45 

2.4 

2.25 

3.2 

2.3 

2.46 

2.4 

2.3 

3.3 

2,4 

2.6 

2.45 

2.55 

3.05 

2.6 

2.6 

2.0 

2.4 

2.9 

2.4 

2.46 

2.7 

2.4 

2.75 

2.6 

2.5 

2.5 

2.3 

2.8 

2.5 

2.46 

2.4 

2.a5 

2.8 

2.4 

2.4 

2.35 

3.00 

2.8 

2.4 

2.4 

2.3 

2.50 

2.6 

2.45 

2.46 

3.25 

2.4 

2.6 

2.4 

2.46 

2.7 

2.95 

2.6 

2.4 

2.45 

2.3 

2.8 

2.6 

2.4 

2.4 

2.25 

2.5 

2.55 

2.4 

2.4 

2.1 

2.5 

2.6 

2.4 

2.45 

2.2 

2.5 

2.6 

2.46 

2.46 

2.1 

2.9 

2.6 

2.5 

2.46 

2.0 

3.2 

2.5 

2.45 

2.45 

2.0 

2.6 

2.46 

2.4 

2.46 

2.8 

2.5 

2.4 

2.4 

2.45 

2.6 

2.6 

2.4 

2.45 

2.46 

2.7 

2.6 

2.4 

2.4 

2.5 

2.3 

2.7 

2.4 

2.4 

2.45 

2. 

2.7 

2.4 

2.4 

2.55 

2.2 

2.8 

2.3 

2.4 

2.5 

2.1 

2.8 

2.3 

2.4 

2.6 

2.2 

2.8  . 

2.4 

Dec. 


2.6 
2.6 
2.6 
2.6 
2.56 

2.5 

2.75 

2.7 

2.6 

2,65 

2.5 

2.65 

2.6 

2.65 

2.66 

2.6 
2.6 
2.6 
2.6 
2.6 

2.6 

2.86 

2.9 

2.9 

2.85 

2.7 
2.8 
2.8 
2.7 
2.6 
2.3 
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Daily  discharge^  in  second-feetj  of  Pecos  River  near  Fort  Sumner,  N.  Mex.f/or  1908-9. 


Day. 


2. 
3.. 
4. 
5. 

6., 
7.. 
8.. 
9.. 
10. 

11.. 
12., 
13. 
14. 
15. 

16. 
17. 
18.. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


1. 
2. 
3. 
4. 
6. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


1908. 


1909. 


Jan. 

Feb. 

195 

30 

195 

45 

200 

82 

200 

135 

240 

85 

200 

65 

205 

65 

170 

65 

145 

65 

145 

65 

145 

65 

145 

85 

145 

70 

95 

90 

75 

70 

75 

70 

40 

50 

25 

50 

25 

90 

25 

90 

25 

95 

25 

70 

25 

120 

25 

145 

40 

145 

25 

120 

25 

120 

25 

75 

25 

100 

30 

30 

165 

137 

130 

170 

165 

137 

130 

170 

130 

137 

135 

170 

135 

135 

110 

135 

110 

168 

137 

168 

110 

168 

170 

130 

250 

130 

310 

108 

210 

290 

137 

205 

137 

135 

90 

128 

112 

128 

90 

125 

112 

125 

137 

150 

112 

125 

170 

150 

137 

120 

112 

120 

112 

118 

91 

118 

137 

137 

137 

Mar. 


100 
75 
125 
125 
125 

125 
150 
150 
125 
150 

125 
125 
125 
155 
155 

102 
127 
105 
105 
80 

105 
105 
105 
160 
105 

80 
80 
110 
110 
110 
135 


95 
95 
95 
120 
73 

90 
90 
90 
73 
135 

250 
205 
162 
110 
110 

105 
105 

84 
84 
84 

103 
103 
80 
65 
100 

100 
100 
100 
117 
95 
117 


Apr. 


135 
135 
167 
135 
135 

137 
137 
137 
172 
172 

140 
140 
140 
115 
115 

140 
140 
140 
287 
287 

287 
287 
285 
245 
205 

285 
440 
385 
285 
285 


115 
95 
95 
.  95 
92 

110 
110 
110 
110 
90 

108 

■  88 
88 
87 
55 

85 
85 
102 
85 
82 

190 
122 
120 
117 
147 

147 
143 
115 
92 
75 


May. 


285 
285 
205 
205 
205 

282 
282 
200 
200 
200 

167 
167 
200 
282 
282 

240 
240 
240 
240 
195 

195 
235 
960 
190 
230 

190 
190 
270 
227 
187 
187 


75 
72 
87 
107 
105 

83 
69 
67 
97 
150 

150 
95 
95 
95 
75 

60 
90 

130 
85 

127 

237 
237 

280 
105 
85 

120 
120 
120 
SO 
80 
95 


June. 


160 
187 
225 
187 
160 

160 
127 
155 
185 
127 

127 
155 
97 
97 
97 

97 
125 
125 
97 
75 

75 
75 
75 
52 
52 

70 
70 
245 
245 
245 


116 
118 

78 
95 


77 
77 
80 
148 
127 

127 
127 
280 
127 
127 

161 
195 
127 
127 
127 

85 
85 
85 
133 
87 

65 
70 
70 

88 
72 


July. 


245 
167 
495 
165 
110 


Aug. 


390 
920 
1,020 
810 
725 


85  630 
65  I  630 
85  I  1,300 
85  ,  1,150 
85  ;   420 


110 
110 
105 
105 
157 

130 
222 
222 
950 
222 

530 
410 
300 
300 
300 

300 
395 
395 
295 
735 
510 


295 
92 

110 
72 

130 

130 
145 
190 
345 
500 

285 
215 
183 
175 
1,620 

660 
210 
190 
108 
175 

110 

73  ; 
.  73 
934  I 
587 

750 
240 
73 
168 
110 
168 


265 

205 

300 

1,150 

1,360 

545 
405 
465 
465 
475 

6,500 

1,000 

1,750 

460 

45 


60 
245 
245 
340 

45 


168 
240 
108 
240 
246 


Sept. 


160 
105 
160 
385 
158 

158 
84 
68 
42 
53 

42 
42 
42 
40 
40 

'65 
51 
64 
38 
78 

65 
38 
38 
65 
75 

60 
.  93 
93 
93 
60 


485 
250 
230 
245 
295 


204 

1,240 

240 

1,480 

514 

920 

340 

000 

340 

440 

240 

510 

602 

500 

1,370 

495 

452 

205 

340 

265 

1,250 

180 

934 

200 

4.52 

200 

452 

255 

452 

250 

1,140 

170 

1,800 

105 

587 

133 

452 

105 

587 

103 

555 

103 

070 

100 

635 

100 

7.50 

64 

7a5 

04 

070 

Oct. 

Nov. 

60 

78 

60 

97 

60 

97 

60 

97 

58 

78 

58 

97 

58 

97 

87 

78 

87 

78 

87 

78 

106 

80 

86 

80 

86 

98 

86 

98 

86 

98 

85 

100 

85 

100 

85 

100 

65 

82 

80 

82 

80 

100 

80 

100 

100 

100 

100 

100 

80 

83 

100 

103 

80 

103 

80 

103 

78 

103 

78 

125 

78 

63 

48 

63 

42 

60 

53 

75 

37 

73 

48 

55 

46 

85 

58 

127 

53 

85 

•  38 

127 

48 

127 

35 

80 

28 

80 

25 

103 

29 

80 

27 

77 

27 

76 

19 

75 

17 

75 

22 

90 

20 

112 

19 

85 

17 

65 

16 

6.') 

15 

75 

13 

60 

20 

57 

12 

55 

23 

53 

16 

50 

15 

48 

Dec. 


185 
155 
155 
125 
155 

125 
105 
125 
125 
165 

125 
125 
160 
125 
125 

87 
87 

107 
87 

107 

107 
87 
130 
130 
130 

130 
165 
130 
165 
166 
165 


14 
14 
12 
12 
15 

11 
60 
37 
20 
15 

12 
16 
13 
17 
18 

25 
26 
27 
28 
29 

30 
100 
120 
120 
103 

55 


37 

7 


Note,— Discharges  for  1908-9  were  obtained  by  the  indirect  method  for  shifting  channels. 
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Monthly  discharge  of  Pecos  River  near  Fort  Sumner ^  N.  Uex.^Jor  1908-9. 


Month. 


January 

February.. 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December. . 


190H. 


The  year. 


January 

February . . 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December. . 


1909. 


Discharge  in  second-feet. 

Run^ifl 

(total  in 

Maximum. 

Minimum. 

Mean. 

acre-feet). 

240 

25 

90.5 

5.930 

145 

30 

83.5 

4,800 

160 

75 

121 

7.440 

440 

115 

203 

12,100 

960 

167 

247 

15.200 

245 

52 

132 

7.S<iO 

950 

.  65 

271 

16.700 

a  6,  .500 

45 

814 

50.100 

3H5 

3S 

85.2 

5.070 

lOi 

5H 

79.3 

4.880 

125 

78 

93.8 

5.5M) 

1S5 

87 

131 

8.060 

6.500 

25 

196 

144.000 

310 

91 

141 

8,670 

290 

118 

149 

8.280 

250 

r»5 

108 

6.  WO 

190 

5,5 

105 

6.250 

2S0 

60 

112 

6,890 

2S0 

6.5 

112 

6,64)0 

1.620 

72 

294 

18.100 

l.N» 

168 

579 

35.600 

1,4S0 

64 

351 

20.900 

127 

48 

77.5 

4,770 

5S 

12 

29.5 

1.7«)0 

1-20 

7 

39.3 

2.420 

The  year. 


1,8(X) 


127.000 


a  Estimated. 
Note.— The  above  estimates  are  in  general  only  approximate. 

PECOS   RIVER  NEAR   DAYTON,  N.  MEX. 

This  station,  which  was  estabhshed  March  24,  1905,  has  been 
maintained  in  connection  with  the  Carlsbad  irrigation  project  in  New 
Mexico  to  determine  the  amount  of  water  suppUed  by  the  river  to  the 
McMillan  reservoir,  and  is  located  about  3  miles  east  of  Dayton, 
N.  Mex.,  about  6  miles  above  the  dam  of  the  reservoir,  and  approxi- 
mately 100  feet  downstream  from  the  mouth  of  Penasco  River. 

The  original  rod  gage  was  washed  out  on  September  6,  1905,  and 
was  relocated  September  7,  1905,  at  a  point  about  one-half  mile 
upstream.  Otherwise  there  has  been  no  change  in  gage  datum. 
Fair  results  can  be  obtained  at  this  station  if  discharge  mejisurements 
are  taken  at  frequent  intervals.  This  station  was  transferred  March 
31,  1908,  to  the  United  States  Reclamation  Service,  and  since  then 
they  have  made  the  discharge  measurements.  Discharge  measure- 
ments are  made  from  a  cable  located  about  100  yards  below  the  new 
gage. 

Considerable  irrigation  is  practiced  in  the  vicinity  of  Roswell, 
N.  Mex.,  and  opportunities  for  irrigation  projects  exist  at  various 
points  above.  The  winters  in  this  vicinity  are  comparatively  mild 
and  ice  does  not  appreciably  affect  stream  flow. 
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Discharge  measurements  of  Pecos  River  near  Dayton,  N.  Mex.,  in  1909, 


Date. 

Uydrographer. 

Gage 
height. 

Dis- 
charge. 

June  24 

U.  S.  Reclamation  Service 

Feet. 
2.95 
2.6 
4.4 
3.8 
4.0 
(«) 
2.6 
2.4 
2.75 
3.7 

Sec.'/t. 
80 

Jiine2H 

do 

40 

June  29 

do 

450 

Julys 

do 

244 

July  19 

do .      .      . 

2H0 

July  27 

do .• 

l,ftH0 

Aug.  3 

do 

100 

Aug.  14 

do 

72 

Nov.  3 

do 

112 

Dec.  11 

do 

291 

a  Gage  washed  out. 
Daily  gage  height,  infect,  of  Pecos  River  near  Dayton,  N.  Mex.,for  1909. 


Day. 

Jan. 

3.7 
3.7 
3.8 
3.7 
4.0 

4.2 
4.0 
3.9 

3.8 
3.8 

3.8 
.t.8 
3.7 
3.8 
3.8 

3.8 
3.9 
5.0 
4.1 
4.0 

4.0 
4.0 
3.8 
4.0 
3.8 

3.8 
3.9 
3.9 
3.0 
3.0 
3.6 

Feb. 

Mar. 

3.0 
3.0 
3.0 
3.0 
2.9 

2.9 
2.9 
2.9 
2.9 
2.9 

2.9 
3.0 
3.0 
3.1 
3.2 

3.3 
3.3 
3.7 
3.6 
3.6 

3.4 
3.3 
3.2 
3.2 
.t.2 

3.0 
2.9 
2.9 
2.9 
2.0 
2.9 

Apr. 

2.8 
2.8 
2.9 
2.9 
2.8 

2.8 
2.8 
2.9 
2.9 
2.6 

2.6 
2.5 
2.5 
2.5 
2.5 

2.5 
2.4 
2.4 
2.5 
2.5 

2.3 
2.3 
2.4 
2.3 
2.5 

2.4 
2.4 
3.2 
3.0 
2.9 

May. 

2.8 
2.8 
2.7 
2.7 
2.5 

2.4 
2.4 
2.4 
2.4 
2.4 

2.4 
2.4 
2.3 
2.3 
2.3 

2.3 
3.0 
3.0 

2.7 
2.7 

2.8 
2.8 
2.9 
2.9 
2.9 

2.9 
2.3 
3.4 
3.2 
3.0 
2.9 

June. 

2.8 
2.7 
2.0 
2.5 
2.6 

2.6 
2  6 
2.5 
2.5 
2.5 

2.5 
2.5 
2.5 
3.7 
3.2 

4.2 
4.2 
3.9 
3.7 
3.4 

3.2 

3.2 

3.1 

2.95 

2.9 

2.7 
2.5 

il 

3.9 

July. 

Aug. 



■'"2.'6 
2.6 
2.5 

2.5 
2.4 
2.3 
2.4 
2.3 

2.6 
2.4 
2.3 
2.5 
2.7 

2.8 
3.0 
3.0 
3.0 
3.8 

3.6 
4.2 
3.6 
3.4 
4.0 

3.7 
3.5 
3.4 
3.7 
3.7 
3.9 

Sept. 

Oct. 

Nov. 

2.7 
2.7 
2.7 

2.7 
2.7 

2.7 
2.7 
2.7 
2.7 
2.7 

2.7 
2.7 
2.8 
2.8 
4.0 

3.9 
3.2 

2.8 
2.8 
2.8 

2.8 
2.8 
2.8 
2.8 
3.2 

3.0 
3.0 
3.0 
3.0 
3.0 

Dec. 

1 

3.6 
3.9 
3.7 
3.6 
3.6 

3.5 
3.5 
3.6 
3.6 
3.6 

3.5 
3.5 
3.5 
3.4 
3.4 

3.4 
3.4 
3.4 
3.4 
3.4 

3.4 
3.4 
3.3 
3.2 
3.2 

3.0 
3.0 
3.0 

3.8 
3.6 
3.4 
3.2 
3.2 

3.4 
3.4 
4.0 
3.4 
3.1 

3.0 
3.8 
3.7 
2.6 
2.5 

3.0 
2.9 
4.4 
4.0 
3.6 

3.4 
3.2 
3.0 
3.1 
5.5 

3.9 
3.8 
3.5 
3.3 
3.3 

3.2 
3.0 
2.9 
7.4 
6.2 

4.9 
4.6 
4.6 
4.7 
4.7 

3.1 
4.0 
3.7 
3.7 
3.5 

3.3 
3.2 
3.0 
3.0 
2.9 

2.8 
2.7 
2.8 
2.8 
2.6 

2.6 
2.6 
2.6 
2.5 
2.5 

2.5 
2.6 
2.6 
2.6 
2.5 

.     2.5 
2.5 
2.5 
2.5 
3.0 

3.0 
3.0 
3.0 
3.0 
3.2 

3.1 
3.0 
3.2 
3.2 
3.2 

3.0 
2.7 
2.7 
2.7 
2.6 
2.7 

3.0 

2 

3.0 

3 

3.0 

4 

3.0 

5 

3.0 

6 

3.0 

7 

8 

9 

10 

3.8 
3.7 
3.6 
3.6 

3.6 

12 

3.6 

13... 

3.6 

14 

3.6 

15 

3.9 

10 

3.8 

17 

3.9 

18 

4.0 

19 

20 

21 

22 

23 

4.0 
4.0 

4.0 
4.0 
4.4 

24 

4.4 

25 

5.3 

26 

3.9 

27 

3.7 

28 

3.7 

29 

30 

31 

3.6 
4.4 
4.1 

Note.— Gage  washed  out  July  26  and  replaced  August  3. 

Daily  discharge,  in  second-feet,  of  Pecos  River  near  Dayton,  N.  Mcx.,for  1909, 


Day. 

Jan. 

1 

260 

♦> 

2m 

3 

300 

4 

260 

5 

385 

6 

490 

7». 

3H5 

8 

340 

9 

300 

10.. 

300 

Feb. 

Mar. 

85 

Apr. 
60 

May. 

60 

June. 

July. 
236 

Aug. 

Sept. 
370 

Oct. 
90 

Nov. 

Dec. 

230 

100 

135 

340 

85 

60 

60 

4,S 

190 

330 

90 

100 

135 

2m 

85 

72 

■    4H 

40  1 

151 

90 

230 

90 

100 

1.35 

230 

85 

72 

48  ■ 

36 

115 

90 

18(1 

82 

100 

135 

230 

70 

60. 

36 

40 

115 

82 

18<-. 

82 

100 

135 

200 

70 

60 

.32 

40 

151 

82 

167 

82 

100 

135 

200 

70 

60 

32 

40 

151 

74 

135 

90 

100 

330 

2.30 

70 

72 

32 

36 

290 

67 

122 

90 

100 

290 

230 

70 

72 

32  ! 

3(i 

151 

74 

4,200 

90 

100 

260 

230 

70 

40 

32  1 

36  1 

99 

67 

1,340 

82 

100 

2<?0 
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Daily  discharge^  in  seoond-feet^  of  Pecos  River  near  Dayton^  N.  Mex.yfor  1909 — Contd. 


Date. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

11 

300 
300 
260 
300 
300 

300 
340 
1,060 
440 
386 

385 
385 
300 
385 
300 

300 
340 
340 
230 
230 
230 

200 
230 
230 
170 
170 

170 
170 
170 
170 
170 

170 
170 
146 
125 
125 

86 
85 
86 

70 
85 
85 
105 
125 

146 
145 
260 
230 
230 

170 
146 
125 
125 
126 

86 
70 
70 
70 
70 
70 

40 
36 
36 
36 
36 

36 
32 

36 

30 
30 
32 
30 
36 

32 
32 
115 
85 
72 

32 
32 
30 
30 
30 

30 
85 
85 
48 
48 

60 
60 
72 
72 
72 

72 
30 
151 
115 
85 
72 

36 
36 
36 
212 
116 

360 
360 
262 
212 
151 

115 
115 
99 

78 
72 

48 
36 
36 
170 
262 

85 

236 

212 

40 

36 

86 

72 

450 

290 

190 

151 
115 
85 
99 
1,290 

90 
74 
67 
82 
100 

110 
135 
135 
135 
330 

260 
530 
260 
207 
420 

290 
230 
207 
290 
290 
370 

1,040 
790 
790 
870 
870 

150 
420 
290 
290 
230 

186 
167 
135 
135 
122 

110 
100 
110 
110 
90 

82 
82 
82 
82 
136 

135 
135 
136 
135 
167 

160 
136 
167 
167 
167 

135 
100 
100 
100 
90 
100 

100 
100 
110 
110 
420 

370 
167 
110 
110 
110 

110 
110 
110 
110 
167 

135 
135 
136 
135 
135 

260 

12.- 

260 

13 

260 

14 

260 

16 

370 

16 

330 

17 

370 

18 

420 

19 

420 

20 

420 

21 

420 

22 

420 

23 

650 

24 

650 

26 

1,440 
370 

26 

27 

290 

28 

290 

29 

260 

30 

650 

31 

470 

Note.— Discharges  January  1  to  March  31  obtained  bv  indirect  method  for  shifting  channels.  Discharges 
April  1  to  July  25  are  based  on  a  rating  curve  that  is  well  defined  below  510  seoond-feet.  Discharges  August 
3  to  December  31  are  based  on  a  ratmg  curve  that  is  fairly  well  defined  below  400  second-feet 

Monthly  discharge  of  Pecos  River  near  Dayton,  N.  Mex.^for  1909. 


Month. 


January 

February... 

March 

April 

May 

June 

July  1-25.... 
August  3-31. 
September. . 

October 

November.. 
December. . . 


Discharge  in  second-feet. 


Maximum.   Minhnum.     Mean 


1,060 
340 
260 
115 
151 
360 

1,290 
630 

4,200 
167 
420 

1.440 


The  period  . 


230 
85 
70 
30 
30 
36 
36 
67 
90 
82 
100 
135 


345 

186 

109 
49.3 
65.e 

107 

203 

181 

476 

111 

133 

362 


Run-off 
(total  in 
acre-feet). 


21,200 

10,300 

6,700 

2,930 

3,420 

6,370 

10,100 

10.400 

28,300 

6,820 

7.910 

22.300 


137.000 


Accu- 
racy. 


C. 
C 
C. 
C. 
C. 
A. 
A. 
A. 
B. 
B. 
B. 
B. 


PECOS   RIVER    NEAR   LAKEWOOD,    N.    MEX. 

The  station,  which  was  established  January  11,  1906,  and  trans- 
ferred to  the  United  States  Reclamation  Service  March  31,  1908,  is 
located  3  miles  southeast  of  Lakewood  and  one-half  mile  below  the 
McMillan  reservoir  dam. 

The  present  inclined  rod  gage  was  established  May  8,  1906.  It 
had  been  previously  moved  from  original  location  on  February  8, 
1906. 
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Fair  results  can  be  obtained  at  this  station  if  occasional  discharge 
measurements  are  made  at  different  stages.  Discharge  measure- 
ments are  made  from  a  cable  located  about  one-fourth  mile  above 
the  railroad  bridge  of  the  Eastern  Railway  of  New  Mexico. 

Dischwrge  measureTnents  of  Pecos  River  near  Lahewoody  N.  Mex.y  in  1909. 


Date. 

Hydrographer. 

hei^l 

Dis- 
charge. 

Jnlv  12 

U.  S.  Reclamation  Service    ..  .           

Feet. 
1.0 
1.2 
1.66 
3.0 
3.9 
1.9 
.8 

Sec.-ft. 
97 

•'%o 

.do 

143 

Do 

do 

209 

July  27 

.do.  .                       

625 

BcDt  23 

do 

1,230 

Do 

do 

381 

Do. 

.do 

89 

Daily  gage  height,  in  feet,  of  Pecos  River  near  Lakewood,  N.  Mex.,for  1909. 
[H.  C.  Holcomb,  observer.] 


Day. 

Feb. 

Mar. 

Apr. 

May. 

June. 

0.6 
.6 
.6 
.6 
.6 

.6 
.66 
.6 
.6 
.6 

.6 

■i 

.5 

.76 

1.2 
.6 
.6 
.6 
.6 

.6 
.6 
.6 
.6 
.6 

.6 
.6 
.6 
.6 
.6 

July. 

Aug., 

Sept. 

Oct. 

1 

1.4 

0.8 
.8 
.8 
.8 
.8 

.8 
.8 
.8 
.8 
.8 

.8 
.8 
.8 
.8 
.8 

.8 

.8 

.8 

.75 

.7 



0.7 

.7 

.7 

.7 
L2 

1.2 
1.2 
1.2 
1.2 
1.1 

.95 

.8 
.8 
.75 

.96 
1.2 
1.2 
1.2 
1.2 

.8 

0.65 
.7 
.7 
.9 
.9 

.9 
.9 
.9 
.9 
.9 

LO 

.8 
.8 
.8 
L35 

1.4 
1.3 
1.35 
1.3 
1.3 

1.3 
1.25 
1.2 
1.2 
2.7 

4.4 
3.1 
1.3 

.8 
.8 

.S 

0.8 

.8 
.8 
.8 
.8 

.8 
.8 
.8 
.8 
.8 

8 
.8 
.8 
.8 
.8 

.8 
.8 
.8 
.8 
.8 

.8 
1.1 
1.4 
1.4 
L4 

1.4 
1.4 
1.4 
1.4 

1.5 
1.5 

1.5 
1.5 
1.5 
1.6 
1.5 

1.5 
1  5 
1.6 
1.5 
1.5 

3.16 
4.5 
4.3 
4.2 
1.95 

1.6 
1.5 
1.5 
1.5 
1.25 

1.0 
1.0 
1.5 

.8 
.8 

.8 
.8 
.8 
.8 
.8 

0.8 

2 

1.4 
1.4 
1.4 

.8 

3 

.8 

J:;::::^:::::::::::::::::::: 

.8 

5.   .                     

.8 

6 

.8 

7 

.8 

8 

.8 

9 

.8 

10 

.8 

11 

.8 

12 

.8 

13 

.7 

14 

.6 

16 

.6 

16 

2.7 

17 

4.0 

18 

.85 

19 

.86 

20 

1.4 

1.4 
1.4 
1.4 
1.4 
1.4 

1.4 

.8 
.8 

.s 

.K 
.8 

21 

22:::::::::::.::::....::.:... 

23 ■ 

24 

1.4 
1.4 

1.4 
1.4 
1.4 

26 

26 : 

27 

28 

29 

30 

31 1 

1 

r  '"  ■ 

Note.— River  probably  dry  January  1  to  February  23  and  October  20  to  December  31. 
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Daily  discharge,  ui  second-feet,  of  Pecos  River  near  Lakewood,  N.  Mex.,/or  1909. 


Day. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 

178 
178 
178 
178 
178 

178 
178 
178 
178 
178 

178 
178 
178 
178 
178 

178 
178 
178 
178 
178 

178 
178 
178 
178 
178 

178 
64 
64 
Gl 
64 

64 
64 
64 
64 
64 

64 
64 
64 
64 
64 

64 
64 
64 
64 
64 

64 
64 
64 
57 
50 

50 
50 
50 
60 
50 

60 
50 
50 
50 
50 

50 
60 
50 
50 
136 

136 
136 
136 
136 
116 

88 
64 
64 
67 
60 

50 
50 
50 
50 
60 

50 
50 
50 
50 
50 

88 
136 
136 
136 
136 

64 

36 
36 
36 
36 
36 

36 
43 
24 
24 
24 

24 
24 
24 
24 
57 

136 
36 
36 
36 
36 

36 
30 
36 
36 
36 

36 
36 
36 
36 
36 

43 
60 
50 
80 
80 

80 
80 
80 
80 
80 

97 
64 
64 
64 
168 

178 
157 
168 
157 
157 

157 
146 
136 
136 
524 

1,280 
662 
157 
6.5 
QiS 
67 

68 
69 
70 
71 
72 

74 

75 
77 
80 
82 

85 
87 
91 
94 
96 

99 
101 
104 
106 
109 

111 
180 
241 
244 
247 

250 
252 
2r>5 
2.\S 
287 
290 

292 
295 
297 
300 
302 

305 
307 
310 
315 
318 

889 
1,520 
1,420 
1,380 

399 

250 
250 
250 
250 
184 

128 
128 
250 
89 
89 

89 
89 
89 
89 
89 

89 

2 

89 

3 

89 

4 

89 

6      

89 

6 

89 

7 

89 

8 

89 

9 

89 

10 

89 

11 

89 

12 ' 

89 

13 ) 

71 

u.: 1 

54 

15 

54 

16   

690 

17 

1,'280 

18     

98 

19 

98 

20  

21  

22 

53      .::::: i : :: 

24 

178 
178 

178 
178 
178 

25 

26 

27 

28    

29 

30 

31 

NoTF.-  These  di<j('han;es  were  obtained  as  follows: 

February  24  to  July  28  from  a  nitine  curve  which  Is  fairly  well  defined  between  80  and  830  second-feet. 
July  29  to  September  10  by  indirect  method  for  shiflinff  channels. 
September  U  to  October  \9  from  a  rating  curve  which  is  fairly  well  defined. 
March  5-19  Interpolated. 

A  Ithough  the  observer  gives  no  definite  dates,  it  is  probable  that  the  river  was  dry  January  1  to  February 
23  and  October  20  to  December  31. 


Monthly  discharge  of  Pecos  River  near  Lakeivood,  N.  Mex.,for  1909. 


Month. 


January 

February 

March 

April 

May 

June 

.Uily 

August 

September 

Oclolwr 

Noveml>er 

Decemlx»r 

The  year 


Dischan;e  in  second-feet. 


Maximum.   Minimum 


0 

178 

178 

64 

136 

136 

1,280 

290 

1,520 

1,280 

0 

0 


1,520 


Mean. 


0 

.31.8 
ir>0 
58.6 
81.1 
37.5 
173 
140 
365 
110 
0 
0 


96.4 


Run-off 
(total  in 
acre-feet). 


0 

1,770 

9,HJ0 

3,490 

4,990 

2,230 

10,600 

8,610 

21,700 

6,760 

0 

0 


70,000 


Ac- 
cu- 
racy. 


PECOS   RIVER   NEAR   MOORHEAD,  TEX. 

The  station,  which  was  established  by  the  International  Boundary 
Commission  in  April,  1900,  is  near  Moorhead,  immediately  above 
the  high  bridge  of  the  Southern  Pacific  Raih*oad. 
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The  station  is  in  the  bottom  of  a  canyon  about  300  feet  deep. 
Both  banks  are  of  rOck,  but  the  bottom  of  the  stream  is  mud.  The 
river  here  consists  of  a  series  of  pools  connected  by  rapids.  The 
best  pool  was  chosen  for  the  station.  Frequent  discharge  measure- 
ments are  made  to  determine  closely  the  daily  discharge.  The 
highest  known  floo(l  occurred  April  6,  1900,  about  two  weeks  before 
this  gage  was  established.  The  water  marks  showed  that  it  reached 
35.75  feet  on  the  gage. 

The  observations  at  this  station  during  1909  have  been  made 
under  the  direction  of  the  United  States  section  of  the  International 
Boundary  Commission. 


Discharge  measurements  of  Pecos  River  near  Moorhead,  Tex.,  in  1909. 
[By  E.  E.  winter. 


Date. 

Area  of 
section. 

Gape 
height. 

Dis- 
charge. 

Date. 

Area  of 
section. 

Once 
height. 

DIs- 
charge. 

Jan.  3 

Sq.ft. 
701 
713 
701 
707 
690 
683 
689 

•  678 
673 
686 
686 
683 
672 
680 
672 
654 
672 
649 
671 
637 
676 
646 
637 
680 
656 
646 
642 
654 
656 
736 
675 
675 
663 
656 
674 
681 
836 
692 
688 

Feet. 
1.0 
I.O 
1.0 
1.1 
1.0 
1.0 
1.0 
.95 
.95 
.8 
.8 
.75 
.85 
.85 
.8 
.7 
.85 
.7 
.8 
.7 
.8 
.7 
.6.5 
.8 
.6 
.6 
.5 
.55 
.7 
l.l 
.6 
.6 
.4 
.4 
.8 
.55 
1.7 
.5 
.55 

Sec.-ft. 
417 
433 
427 
447 
401 
403 
384 
355 
342 
289 
oOl 
288 
306 
318 
293 
242 
308 
271 
239 
231 
276 
239 
224 
293 
246 
258 
228 
234 
255 
431 
228 
229 
178 
181 
267 
242 
822 
229 
196 

July  9 '.. 

Sq.ft. 
675 
676 
669 
684 
898 
909 
837 
702 
733 
698 
690 
683 
698 
688 
685 
679 
676 
867 
686 
691 
687 
671 
669 
695 
696 
702 
684 
681 
687 
088 
700 
705 
704 
707 
705 
711 
720 
729 
739 

Feet. 
0.6 

.5 

.4 

.65 
2.55 
2.65 
1.8 

.9 
1.0 

.8 

.65 

.6 

.7  • 

.6 

.6 

.5 

.5 
2.1 

.75 

.8 

.8 

.7 

.5 

.7 

.7 

.8 

.7 

.7 

.8 

.8 

.8 

.9 

.9 

.9 

.9 

.9 
1.0 
1.0 
1.05 

Sec.-ft. 
178 

8 

13..::.:::..  ..:::. 

184 

13 ft 

17 

185 

19 

21 

213 

24 

;    20 

1,313 

29 

1   29 :  .... 

1.401 

Feb.  3 ..  . 

Aug.  4 

978 

8.. 

9.. 

371 

13 

13 

395 

18..'. 

17 

359 

22 

22 

266 

26 

25 

256 

Mar.  3 

29 

284 

8 

Sept.  3 

229 

13 

229 

18 

14 

247 

23 

18 

235 

29 

22 

1  094 

Apr.  4 

28 

329 

9 

Oct.  4.      

290 

14 

8 

295 

19 

12 

251 

23 

16.. 

229 

28 

21 

280 

May  3 

25 

292 

^  7    

29 

293 

11   

Nov.  4 

269 

15    

8 

273 

19 

12 

322 

24    

16 

311 

29 

21 

315 

June  3 

25 

343 

7 : 

28 

341 

11    

;  Dec.  6 

361 

16 

10 

381 

20 

15 

377 

24 

20 

391 

28   

26 

1   =" 

388 

July  3 

426 
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Daily  gage  height,  in  feet,  of  Pecos  River  near  Moarhead,  Tex.,  for  1909. 


11. 

12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

20. 
27. 
28. 
29. 


Day. 


Jan.  I  Feb. 


1.0 
1.0    ' 
1.0 
1.0    I 
1.0 

1.0    I 
1.0 
1.0 
1.0 

1.0    I 

1.0    ' 
1.0 
1.0    I 
1.0 

1.0  I 

1.05  I 

1.1  I 

1.1  I 

1.1 
1.1 

1.1 
1.1 
1.1 

1.0 

1.1 
1.1 

1.0 
1.0 
1.0 
1.0 
1.0 


1.0 
1.0 
1.0 
1.0 
1.0 

.95 
.95 
.95 
.95 
.95 

.95 
.95 
.95 


Mar. 

Apr. 

0.85 

0.7 

.85 

.76 

.85 

.8 

.85 

.8 

.8 

.7 

.8 

.7 

.85 

.7 

.85 

.7 

.85 

.7 

.9 

.7 

.9 

.7 

.8 

.7 

.8 

.7 

.8 

.8 

.8 

.8 

.8 

.8 

.7 

.8 

.7 

.75 

.75 

.7 

.8 

.7 

.8 

.7 

.8 

.65 

.8 

.7 

.8 

.65 

.85 

.65 

.85 

.6 

.8 

.65 

.8 

,65  , 

.75 

.8 

.75 

.8 

.75 

.75 

.7 

.0 

.7 

May. 

June. 

0.7 

0.55 

.6 

.75 

.6 

.5 

.65 

.65 

.7 

.6 

.6 

.6 

.6 

.45 

.6 

.65 

.6 

.4 

.6 

.46 

.6 

.4 

.5 

.45 

.55 

.45  i 

.55 

.4 

.65 

1.6 

.6 

.85  1 

.7 

.75 

.7 

.7 

.7 

.7 

.65 

.66 

.65 

.6 

.65 

.4 

.9 

.7 

1.05 

1.6 

1.65 

1.86 

1.85 

.9  ! 

1.35 

.65 

.85 

.55 

.65 

.56 

.6 

.6 

.5 

July,  j  Aug. 


I 


0.66 
.66  , 
.66 
.6 
.7 

.66 

.6 

.66 

.6 

.46 

.4 
.6 
.5 
.45 
.45  I 


3.4 

3.36 

2.4 

1.86 

1.6 

1.4 
1.0 

.96 

.9 


.96 
1.0 
1.0 
1.1 

.86 


.7 

.7 
2.86 

2.6 
.75 
.6 
2.0 
2.2 
3.0 


.4  .86 

.4  I      .8    I 
.6  .7    I 

.6  .8    , 

.6  I      .7 


.66 

.7 

.7 

.7 

.66 

.65 

.7 

.7 

.7 

.8 

.75' 


Sept. 

Oct. 

Nov. 

Deo. 

0.7 

0.9 

0.86 

0.9 

.6 

.86 

.8 

.5 

.8 

.8 

.6 

.8 

.7 

.85 

.65 

.8 

.7 

.66 

.8 

.76 

.6 

.8 

.76 

.6 

.8 

.7 

.5 

.8 

.7 

.5 

.76 

.7 

.6 

.76 

.7 

.65 

.7 

.75 

.6 

.7 

.8 

.6 

.6 

.8 

.9 

.6 

.66 

.8 

.6 

.6 

.8 

.95 

.6 

.6 

.85 

1.0 

.6 

.6 

.9 

1.0 

.6 

.6 

.9 

1.0 

1.0 

.66 

.8 

1.0 

2.75 

.7 

.8 

1.0 

2.2 

.66 

.8 

1.0 

1.8 

.66 

.86 

1.0 

1.25 

.7 

.86 

1.0 

1.0 

.7 

.9 

1.0 

1.0 

.7  • 

.96 

1.0 

1.0 

.76 

.9 

1.0 

.85 

.8 

.9 

1.0 

.8 

.8 

.95 

1.0 

.76 

.8 

.96 

1.0 



.86 

1.05 

Daily  discharge,  in  second-feet,  of  Pecos  River  near  Moorhead,  Tex.,  for  1909. 


Day. 


Jan.   Feb.  I  Mar. 


11. 
12. 
13. 
14. 
15. 


16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 

28. 
29., 


380    395 

400  I   390 

o415  !  a3S5  ; 

420  I   380  , 

375  ; 


425 


31. 


305 
305 
a305 
310 
295 


425 

360 

300 

430 

355 

315 

a  430 

a  355 

a320 

430 

355 

320 

430 

350 

345 

430 

350 

345 

425 

345 

295 

a  425 

a  340 

a  295 

42.5 

.325 

295 

425 

290 

295 

435 

290 

295 

445 

2W) 

245 

445 

0290 

O240 

a  445 

310 

2«W 

445 

330 

285 

440 

330 

285 

435 

a300 

28,5 

430 

300 

a  310 

a400 

300 

310 

440 

290 

295 

440 

a290 

295 

410 

305 

28.5 

410 

305 

285 

a4a5 

a  285 

405 

270 

405 

270 

Apr. 


255 
255 
255 
o240 
230 

230 
230 
230 
«230 
235 

240 
245 
250 
a  275 
275 

275 
275 
2.55 
a  240 
240 

240 
225 
a  225 
210 
195 

195 
295 
a  295 
280 
235 


May. 

Juno. 

July. 

Aug. 

Sept. 

270 

215 

245 

1,780 

285 

240 

305 

235 

1,750 

260 

a  245 

a230 

ol95 

1.280 

a230 

265 

305 

215 

al.OOO 

230 

295 

280 

250 

845 

245 

270 

280 

230 

710 

245 

o260 

a  205 

215 

435 

a230 

200 

225 

195 

405 

230 

255 

180 

al«0 

a  370 

236 

250 

195 

J65 

370 

240 

a230 

a  180 

150 

385 

240 

230 

190 

185 

395 

260 

235 

190 

a  185 

a  395 

275 

235 

180 

175 

415 

a  245 

a  235 

560 

185 

370 

275 

240 

a280 

180 

370 

270 

255 

265 

a  185 

a  360 

240 

2.55 

260 

205 

320 

a  235 

a255 

200 

205 

340 

235 

235 

a  245 

205 

300 

505 

235 

230 

a  205 

275 

1,440 

235 

200 

240 

a280 

al,140 

345 

345 

295 

275 

925 

a  410 

a  730 

295 

275 

610 

620 

895 

1,480 

a265 

470 

685 

430 

a], 340 

270 

470 

515 

310 

415 

28.5 

470 

345 

a260 

340 

285 

a385 

a  24.5 

23.5 

al,070 

a2a5 

350 

230 

210 

1.180 

315 

330 

230 

1,5<« 

300 

375 
340 
305 
a290 
290 

290 
295 
a295 
295 
270 

270 
o250 
2.50 
240 
235 

a230 
230 
260 
260 
275 

o290 
275 
275 
290 

a290 

285 
295 
300 
a  295 
295 
310 


310 
296 
296 
a270 
270 

285 
290 
a  276 
275 
275 

275 
a300 
320 
316 
316 

a  310 
326 
340 
340 
315 

a  316 
316 
330 
330 

a  345 

360 
345 
a340 
360 
360 


Decs. 


360 
360 
356 
340 
360 

a300 
365 
370 
376 

a380 

380 
380 
380 
380 
«376 


390 


390 
a390 


390 


300 
390 


a390 
390 
396 
400 
405 

<»426 


a  Date  of  raeasurement. 
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Monthly  discharge  of  Pecos  River  near  Moorhead,  Tex.,  for  1909. 


>  Month. 


January 

Febraary 

Maroh 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean,      acre-'eet). 


445 

395 

345 

295 

685 

895 

1,580 

1,780 

1,440 

375 

300 

425 


1,780 


380 
290 
240 
195 
230 
180 
150 
265 
230 
230 
270 
340 


424 
331 
295 
245 
294 
297 
401 
507 
393 
282 
313 
380 


Run-off 
(total  in 


347  I 


26,083 
18,407 
18.149 
14,588 
18.069 
17,663 
24,645 
31,160 
23,405 
17,346 
18,634 
23,395 


251,534 


GALLINAS   RIVER   NEAR   LAS   VEGAS,  N.  MEX. 

The  station,  which  was  'estabUshed  August  13,  1903,  and  main- 
tained primarily  for  the  purpose  of  determining  the  amount  of  water 
available  for  diversion  and  storage  in  the  San  Guyjella  basin  about 
6  miles  northwest  of  Las  Vegas,  is  located  at  Los  Vegas  Hot  Springs, 
6  miles  above  Las  Vegas,  N.  Mex. 

The  altitude  of  the  station  is  about  6,700  feet.  It  is  below  all 
perennial  tributaries.  The  drainage  area  above  the  station  is  about 
90  square  miles;   the  total  drainage  area  exceeds  600  square  miles. 

Very  little  water  is  diverted  above  the  station,  though  practically 
all  of  the  ordinary  flow  is  used  for  irrigation  in  the  valley  below.  The 
reservoir  mentioned  above  has  a  capacity  of  about  40,000  acre-feet,  and 
is  to  be  used  for  the  irrigation  of  10,000  acres  of  land.  It  will  be  filled 
from  the  Gallinas,  the  Sapello,  and  other  small  streams  in  that  vicinity. 
The  flow  of  the  stream  at  this  point  is  not  usually  affected  by  it. 

The  gage  was  washed  out  on  September  29,  1904,  and  replaced  by 
the  present  rod  gage  on  October  19,  1904,  which  is  located  about 
600  feet  above  the  foot-bridge  at  the  power  house,  from  which  high 
discharge  measurements  are  made.  Lower  water  measurements  are 
made  by  wading.  The  zero  of  the  new  rod  gage  is  0.71  foot  lower 
than  that  of  the  old  one.  Results  at  this  station  have  been  fairly 
satisfactory. 

Discharge  measurements  of  Gallinas  River  near  Las  Vegas,  N.  Mex.,  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Gage 
height. 

Dis- 
charge. 

Jan.  20. 

J.  B.  Stewart 

Feet. 
17 
24 
24 
6 
22 
16 
17 
18.6 

8q.fl. 

18.5 
17 

1.3 
22 
20.8 

9.6 
11.4 

Feet. 
1.75 
2.00 
2.05 
1.70 
1.88 
2.20 
1.68 
1.77 

Sec.'ft. 
3.1 

Apr.  6 

do 

18.7 

May  22 

do 

19.7 

June  24 

....do 

1.0 

July  28 

W.  H.  Sutton 

14.1 

Aug.  29. 

...do 

36.0 

Oct  26 

W.  B.  Freeman 

1.7 

Nov.  29 

a,  TT,  Rn»»All ' 

4.3 
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SURFACE    WATER   SUPPLY,   1909,  PART  VIII. 


Daily  gage  heighty  in  feet,  ofGallinaa  River  near  Las  Vegai,  N.  Mex.f/or  1909, 
(Wm.  Prager,  observer.) 


11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


Day. 


Jan. 

1.8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

7 

7 

7 

7 

8 

8 

8 

8 

8 

8 

8 

8 

H 

8 

8 

8 ; 

8 

1.8 
1.8 
1.8 
1.8 
1.8 

1.8 

1.8 

1.75 

1.7 

1.7 

1.7 

1.7 

1.95 

1.9 

1.8 

1.75 

1.7 

1.7 

1.7 

1.7 

1.7 

1.75 

1.7 

1.7 

1.9 

1.75 

1.7 

1.7 


&far. 

Apr. 

1.75 

1.9 

1.9 

1.8 

1.85 

1.85 

1.9 

2.1 

1.85 

2.05 

1.8 

1.95 

1.8 

1.9 

1.95 

1.9 

1.9 

1.95 

1.9 

1.9 

1.9 

2.0 

1.9 

2.0 

2.0 

2.0 

2.0 

2.0 

2.05 

2.0 

2.05 

2.0 

1.95 

2.1 

1.85 

2.2 

2.0 

2.2 

1.9 

2.2 

1.9 

2.15 

1.9 

2.1 

1.9 

2.15 

1.9 

2.15 

1.9 

2.1 

1.9 

2.1 

1.9 

2.1 

1.9 

2.1 

1.9 

2.1 

1.9 

2.1 

1.9 

May.  I  June.    July.  '  Aug. 


2.1 
2.1 
2.1 
2.1 
2.1 

2.1 
2.1 
2.2 
2.2 
2.2 


2.0 

2.0 

1.95 

1.95 

1.9 

1.9 
1.9 
1.9 
1.9 
1.9 


2.15 

1.9 

2.1 

1.9 

2.1 

1.9 

2.1 

1.8 

2.1 

1.8 

2.1 

1.8 

2.1 

1.8 

2.05 

1.8 

2.0 

1.8 

2.1 

1.8 

2.1 

1.8 

2.05 

1.7 

2.0 

1.7 

2.0 

1.7 

2.0 

1.7 

2.0 

1.7 

2.0 

1.7 

2.0 

1.7 

2.0 

1.7 

2.0 

1.7 

1.7 

1.7 

1.75 

1.85 

1.8 
1.9 
2.2 
1.9 
1.8 

1.8 
1.7 
1.7 
1.9 
1.8 

1.7 

1.9 

1.8 

1.75 

L7 

'l.7 
1.7 
1.7 
2.1 
2.1 

2.1 

2.0 

1.9 

1.85 

1.8 

1.8 


1.8 

1.8 

1.85 

1.9 

1.9 

1.86 

1.8 

1.8 

1.8 

1.85 

2.0. 

2.2 

2.4 

2.25 

2.25 

2.2 
2.2 
2.2 
2.2 
2.35 

2.25 

2.25 

2.3 

2.2 

2.3 

2.3 
2.3 
2.2 
2.2 
2.2 
2.2 


Sept. 

Oct. 

Nov. 

2.05 

1.5 

1.6 

2.05 

1.5 

65 

2.06 

1.5 

8 

2.2 

1.5 

8 

2.3 

1.5 

8 

3.1 

1.5 

8 

2.9 

1.65 

8 

2.35 

1.8 

8 

2.5 

2.05 

8 

2.45 

1.8 

8 

2.35 

1.85 

8 

2.3 

1.85 

8 

2.25 

1.8 

8 

2.2 

1.85 

8 

2.2 

1.9 

8 

2.2 

1.8 

8 

2.1 

1.8 

8 

2.1 

1.9 

8 

2.1 

1.9 

8 

1.95 

1.9 

8 

1.8 

1.9 

8 

1.9 

1.9 

8 

1.8 

1.9 

8 

1.7 

1.8 

8 

1.7 

1.8 

1 

8 

1.7 

1.7 

8 

1.7 

1.7 

8 

1.7 

1.7 

8 

1.7 

1.95 

8 

1.6 

1.8 
1.7 

8 

1.8 
1.8 
1.8 
1.8 
1.7 

1.7 
1.7 
1.7 
1.8 
1.8 

1.8 
1.8 
1.8 
1.8 
1.8 

1.8 
1.8 
1.8 
1.7 
1.7 

1.7 
1.7 
1.8 
1.8 
1.8 

1.8 
1.8 
1.7 
1.7 
1.7 
1.7 


Daily  discharge,  in  second-feet , 

o/Gallinas  River  near  Las  Vegas,  N. 

Mex.. 

for  1909. 

Day. 

Jan. 

5.0 
6.0 
5.0 
5.0 
6.0 

6.0 
6.0 
5.0 
5.0 
5.0 

6.0 
6.0 
1.8 
1.8 
1.8 

1.8 
1.8 
1.8 
6.0 
5.0 

5.0 
5.0 
6.0 
6.0 
5.0 

5.0 
5.0 
5.0 
5.0 
6.0 
5.0 

Feb. 

5.0 
6.0 
6.0 
6.0 
5.0 

5.0 
6.0 
3.4 

1.8 
1.8 

1.8 

1.8 

14.8 

10.5 

5.0 

3.4 
1.8 
1.8 
1.8 
1.8 

1.8 
3.4 
1.8 
1.8 
10.5 

3.4 

1.8 
1.8 

Mar. 

Apr. 

May. 

June. 

July. 

Aug.  , 

Sept. 



19 
20 
20 
37 
51 

280 
177 

61 

89 

79 

62 
64 
46 
40 
40 

40 
29 
29 
29 
14.8 

5.0 
10.5 
5.0 
1.8 
1.8 

1.8 
1.8 
1.8 
1.8 
.3 

Oct. 

0.0 
.0 
.0 
.0 
.0 

.0 

1.0 

5.0 

24.0 

5.0 

7.8 
7.8 
6.0 
7.8 
10.5 

5.0 
5.0 
10.5 
10.5 
10.5 

10.5 
10.5 
10.5 
5.0 
5.0 

1.8 
1.8 
1.8 
14.8 
6.0 
1.8 

Nov. 

0.3 
1.0 
5.0 
5.0 
5.0 

5.0 
6.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 
5.0 

6.0 
5.0 
5.0 
6.0 
5.0 

5.0 
6.0 
5.0 
5.0 
5.0 

Dec. 

1 

3.4 
10.6 

7.8 
10.5 

7.8 

5.0 
5.0 
14.8 
10.5 
10.5 

10.5 

10.5 

19 

19 

24 

24 

14.8 
7.8 
19 
10,5 

10.5 
10.5 
10.5 
10.5 
10.5 

10.5 
10.5 
10.5 
10.5 
10.5 
10.5 

10.5 
5.0 
7.8 

29 

24 

14.8 
10.5 
10.6 
14.8 
10.5 

19 
19 
19 
19 
19 

19 
29 
41 
41 
41 

34 

28 
34 
34 

28 

28 
28 
28 
28 
28 

27 
27 
27 
27 
27 

27 
27 
39 
39 
39 

38 
33 
27 
27 
26 

26 
26 
25 
20 
15 

25 
25 
20 
15 
15 

15 
15 
15 
16 
16 
16 

16 
16 
13 
13 
9 

9 
9 
9 
9 
9 

9 
9 
9 
9 

5 

5 
5 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
3 

8 

6 
12 
43 
13 

6 

5 
3 
3 
13 
5 

3 
14 
6 
5 
3 

3 
3 
3 

36 
36 

36 
24 

16 
11 

8 
8 

8 
7 

10 
14 
14 

10 

7 
7 
7 
9 

21 

45 
78 
50 
50 

43 
43 
40 
40 
62 

47 
21 
52 
38 
52 

50 
49 
36 
35 

a5 

35 

6.0 

2 

5.0 

3 

5.0 

4 

5.0 

5 

1.8 

0 

1.8 

7 

1.8 

8 

1.8 

9 

5.0 

10 

5.0 

11 

5.0 

12 

5.0 

13 

5.0 

14.            ... 

6.0 

15 

6.0 

16 

6.0' 

17 

6.0 

18 

5.0 

19 

1.8 

20 

1.8 

21 

1.8 

22 

1.8 

23 

5.0 

24 

6.0 

25 

5.0 

26 

5.0 

27 

5.0 

28 

1.8 

29 

1.8 

.TO 

1.8 

31 

1.8 

Note.— From  January  1  to  April  20  and  September  17  to  December  31  discharges  are  based  on  a  well- 
defined  rating  curve.  April  21  to  September  16  discharges  were  obtained  by  the  indirect  method  for  shifting 
ohannel& 
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Monthly  discharge  o/Gallinas  River  near  Las  Vegas,  N.  Mex.,for  1909. 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum.   Minimum, 


5.0 

14.8 

24 

41 

39 

16 

43 

78 
280 

24 
5.0 
5.0 


1.8 
1.8 
3.4 
5.0 
15 
2 
2 
7 
.3 
.0 
.3 
1.8 


280 


Mean. 


4.38 
4.  (a 
11.6 
23.4 
24.6 
6.6 
11.0 
32.7 
41.6 
5.93 
4.71 
3.76 


Run-off 
(total  in 
acre-feet). 


14.5 


224 

713 

1,390 

1,610 

393 

.670 

2.010 

2,480 

365 

280 

231 


10,500 


Accu- 
racy. 


DEVILS  BIVEB  DBAINAGE  BASIN. 
DEVILS   RIVER   AT    DEVILS   RIVER,    TEX. 

This  station,  which  was  estabUshed  in  April,  1900,  by  the  Inter- 
national Boundary  Commission,  is  opposite  the  Southern  Pacific  Rail- 
road station  at  Devils  River. 

The  river  is  about  50  miles  long,  has  a  perennial  flow,  and  during 
flood  periods  is  subject  to  great  fluctuations.  No  good  location  for  a 
gaging  station  exists  on  this  stream  where  it  would  be  accessible  from 
the  railroad  station.  The  right  bank  is  the  talus  of  a  cUff,  the  left 
bank  is  a  bottom  heavily  timbered.  At  the  site  chosen  the  bed  of  the 
stream  is  nearly  all  a  rock  ledge,  but  seamed  and  faulted  so  as  to  be 
rough.  The  current  changes  in  such  a  way  as  to  give  materially 
different  discharges  for  the  same  gage  height.  It  is  therefore  neces- 
sary to  make  frequent  measurements  to  determine  closely  the  daily 
flow. 

The  highest  water  on  record  occurred  April  6,  1900,  about  two 
weeks  before  tliis  gage  was  established.  It  reached  a  height  of  25.4 
feet  on  the  gage,  but  this  is' 8  feet  higher  than  any  other  known  flood. 
Low  water  is  2  feet  on  the  gage. 

The  observations  at  this  station  during  1909  have  been  made  under 
the  direction  of  the  United  States  section  of  the  International  Bound- 
ary Commission. 
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SURFACE  WATER  SUPPLY,   1909,  PART  VIU. 

Discharge  measurements  of  Devils  River  at  Devils  River  ^  Tex.,  in  1909. 
[By  E.  E.  Winter.) 

Date.  *        '    ^ 


Jan.  4 
9 
14 

20 
25 
30 

Feb.  4 
9 
14 
19 
23 
27 

Mar.  4 
9 
14 
19 
25 
30 

Apr.  6 
10 
15. 
19. 
24 
2^ 

Hay  4 
12 
20. 
25. 
30. 

June    4. 


Area  of 

Oa«e 
height. 

Dis- 

section. 

charge. 

Sq.ft. 

Feet. 

See.'ft. 

327 

2.3 

467 

331 

2.3 

489 

325 

2.3 

466 

331 

2.3 

473 

332 

2.3 

437 

323 

2.25 

401 

325 

2.25 

408 

316 

2.25 

396 

332 

2.3 

480 

339 

2.3 

462 

329 

2.25 

427 

320 

2.25 

406 

325 

2.25 

417 

320 

2.25 

412 

339 

2.3 

446 

317 

2.25 

411 

317 

2.25 

407 

309 

2.2 

391 

321 

2.2 

438 

308 

2.2 

401 

311 

2.2 

400 

309 

2.2 

382 

311 

2.2 

385 

317 

2.25 

418 

312 

2.2 

397 

297 

2.15 

380 

308 

2.2 

395 

303 

2.2 

388 

313 

2.2 

401 

313 

2.2 

398 

Area  of 
section. 

Gage 
heSit 

5j.A 

Fea. 

305 

2.15 

303 

2.16 

305 

2.2 

312 

2.2 

318 

2.3 

279 

2.1 

546 

3.0 

427 

2.6 

388 

2.6 

363 

2.4 

337 

2.3 

333 

2.26 

342 

2.3 

327 

2.26 

378 

2.46 

333 

2.3 

327 

2.25 

323 

2.25 

309 

2.2 

309 

2.2 

310 

2.2 

311 

2.2 

306 

2.2 

310 

2.2 

311 

2.2 

319 

2.26 

318 

2.25 

310 

2.2 

318 

2.25 

310 

2.2 

Dis- 
charge. 


Sec.'/t. 
379 
381 
387 
397 
483 
336 
1,254 
671 
634 
641 
456 
433 
457 
423 
569 
452 
430 
421 
387 
393 
391 
388 
395 
399 
411 
427 
414 
411 
412 
389 


Daily  gage  height,  in  feet,  of  Devils  River  at  Devils  River,  Tex.,  for  1909. 


Day. 


1 
2 
3 
4 
6 

6 
7 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


Jan. 

Feb. 
2.25 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 
2.25 

Oct. 
2.25 

Nov. 

2.3 

2.3 

2.2 

2.2 

2.2 

2.2 

2.66 

2.2 

2.3 

2.25 

2.3 

2.2 

2.2 

2.2 

2.2 

2.6 

2.26 

2.26 

2.2 

2.3 

2.25 

2.3 

2.2 

2.2 

2.2 

2.2 

2.6 

2.26 

2.26 

2.2 

2.3 

2.25 

2.26 

2.2 

2.2 

2.5 

2.2 

2.5 

2.25 

2.26 

2.2 

2.3 

2.25 

2.26 

2.2 

2.2 

2.2 

2.2 

2.6 

2.2 

2.26 

2.2 

2.3 

2.25 

2.26 

2.2 

2.2 

2.2 

2.26 

2.6 

2.2 

2.26 

2.2 

2.3 

2.25 

2.26 

2.2 

2.2 

2.15 

2.25 

2.6 

2.2 

2.26 

2.2 

2.3 

2.25 

2.25 

2.2 

2.2 

2.15 

2.25 

2.5 

2.2 

2.26 

2.2 

2.3 

2.25 

2.26 

2.2 

2.2 

2.16 

2.2 

2.6 

2.2 

2.25 

2.2 

2.3 

2.3 

2.25 

2.2 

2.15 

2.16 

2.2 

2.45 

2.2 

2.2 

2.2 

2.3 

2.3 

2.26 

2.2 

2.15 

2.16 

2.2 

2.45 

2.2 

2.2 

2.2 

2.3 

2.3 

2.36 

2.2 

2.15 

2.15 

2.15 

2.45 

2.2 

2.2 

2.2 

2.3 

2.3 

2.3 

2.2 

2.16 

2.2 

2.16 

2.46 

2.2 

2.2 

2.2 

2.3 

2.3 

2.3 

2.2 

2.15 

2.2 

2.1 

2.4 

3.35 

2.2 

2.2 

2.3 

2.25 

2.26 

2.2 

2.16 

2.16 

2.1 

2.4 

2.6 

2.2 

2.2 

2.3 

2.25 

2.25 

2.2 

2.15 

2.16 

!Ll 

2.4 

2.3 

2.2 

2.2 

2.3 

2.3 

2.26 

2.2 

2.2 

2.15 

2.1 

2.36 

2.3 

2.2 

2.2 

2.3 

2.3 

2.25 

2.2 

2.2 

2.15 

2.1 

2.3 

2.3 

2.2 

2.2 

2.3 

2.3 

2.25 

2.2 

2.2 

2.15 

2.16 

2.3 

2.3 

2.2 

2.2 

2.3 

2.3 

2.26 

2.2 

2.2 

2.15 

2.16 

2.3 

2.3 

2.2 

2.2 

2.3 

2.3 

2.25 

2.2 

2.2 

2.15 

2.15 

2.3 

2.3 

2.2 

2.2 

2.3 

2.3 

2.25 

2.2 

2.2 

2.16 

2.15 

2.3 

2.3 

2.2 

2.2 

2.3 

2.25 

2.25 

2.2 

2.2 

2.3 

3.05 

2.3 

2.3 

2.2 

2.2 

2.3 

2.25 

2.25 

2.2 

2.2 

2.2 

4.6 

2.26 

2.3 

2.2 

2.2 

2.3 

2.25 

2.26 

2.2 

2.2 

2.2 

3.1 

2.25 

2.3 

2.2 

a.2 

2.3 

2.25 

2.26 

2.6 

2.2 

2.2 

2.76 

2.26 

2.3 

2.2 

2.2 

2.3 

2.25 

2.25 

2.6 

2.2 

2.2 

2.6 

2.26 

2.3 

2.2 

2.2 

2,3 

2.3 

2.25 

2.3 

2.2 

2.2 

2.6 

2.26 

2.26 

2.2 

2.2 

2.25 

2.26 

2.25 

2.2 

2.2 

2.6 

2.3 

2.26 

2.2 

2.25 

2.25 

.2.2 

2.25 

2.2 

2.2 

2.6 

2.3 

2.25 

2.2 

2.26 

2.25 

2.2 

2.2 

2.6 

2.25 

2.2 

2.25 
2.26 
2.26 
2.25 
2.26 

2.2 
2.2 
2.2 
2.2 
2.2 

2.2 
2.2 
2.2 
2.2 
2.2 

2.2 
2.2 
2.2 
2.2 
2.2 

2.2 
2.2 
2.25 
2.25 
2. 25 

2.25 
2.2 
2.2 
2.2 
2.2 
2.2 
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Daily  discharge,  in  second-feety  of  Devils  River  at  Devils  River,  Tex.,  Jeer  1909. 


Day. 

Jan. 

475 
470 
470 
a  465 
470 

475 
480 
485 
a  490 
485 

480 
475 
470 
o470 
470 

470 
470 
470 
475 
a  475 

470 
460 
455 
445 
«»435 

435 

430 
430 

400 

o  4.) ) 

400 

Feb. 

Mar. 

Apr. 

May. 

.June. 

July. 

Aug. 

650 
635 
635 
635 
0635 

630 
620 
616 
610 
685 

680 
570 
665 
a540 
530 

625 
495 
465 
a  455 
465 

466 
456 
455 
435 
435 

a435 
436 
436 
455 

0  455 
435 

Sept. 

430 
430 
425 
a  426 
410 

410 
405 
405 
400 
400 

400 

400 

400 

1,660 

a625 

480 
475 
470 
466 
400 

456 
455 
a450 
460 
450 

460 
450 
430 
a430 
430 

Oct. 

430 
425 
425 
420 
a420 

420 
420 
415 
415 
390 

390 
390 
a385 
386 
390 

390 
390 
390 
390 
390 

395 
a  395 
395 
390 
390 

a  390 
390 
390 
390 

a  390 
390 

Nov. 

Dec. 

1 

400 
405 
405 
a  405 
405 

405 
400 
400 
a  395 
440 

450 
460 
470 
o480 
430 

430 
460 
460 
a  460 
460 

456 
450 
a425 
420 
415 

410 

o405 

440 

440 
440 
440 
a  415 
415 

415 
415 
410 
a  410 
410 

410 
475 
445 
a445 
440 

430 
425 
420 
a  410 
410 

410 
410 
410 
405 
O405 

410 
415 
420 
420 
a  390 
390 

400 
410 
420 
430t 
a440 

430 
420 
410 
405 
a400 

400 
400 
400 
400 
a400 

395 
390 
385 
a  380 
380 

386 
385 
385 
a385 
385 

650 
050 
450 
a  420 
420 



395 
395 
395 
a395 
395 

395 
395 
395 
395 
380 

380 
a380 
380 
380 
380 

*380 
395 
395 
395 

a  395 

395 
390 
390 
390 
a390 

390 
395 
395 
400 
a400 
400 

400 
400 
400 
a  400 
400 

400 
380 
380 
380 
380 

380 
o380 
400 
405 
385 

385 
a  390 
390 
385 
380 

380 
375 
435 
390 
a385 

390 
390 
395 
o395 
400 

405 
415 
420 
430 
435 

a460 
455 
445 
420 
410 

406 
376 
366 
a  335 
335 

340 
340 
340 
360 
360 

360 

360 

al,330 

3.590 

1,400 

890 
670 
670 
670 
a  670 
670 

390 
390 
390 
395 
a  396 

396 
395 
395 
395 
400 

400 
400 
a400 
400 
400 

405 
405 
405 
405 
410 

410 
o410 
410 
410 
410 

410 
410 
410 
0425 
425 

420 

2 

416 

3 

a  415 

4 

416 

6 

415 

6      

410 

410 

8      

410 

9 

410 

10      

410 

11 

410 

12 

410 

13 

a  410 

14 

410 

15.      

410 

16 

410 

17 

410 

18 

405 

i8:::::::::::::.. 

405 

20 

405 

21 

400 

22 

23 

24 

25 

400 

a  410 

401 

410 

2r... 

410 

27 

390 

28 

390 

29 

30 

31 

o390 
390 
306 

a  Date  of  measurement. 


Monthly  discharge  of  Devils  River  at  Devils  River,  Tex.,  for  1909. 


Month. 


Discharge  In  second-feet. 


Maximum.   Minimum. 


Run-ofl 

1    (tola!  in 

Mean.       acTe-feet). 


January 

February 

March 

AprU 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


400 

400 

395 

430 

390 

420 

380 

420 

380 

391 

375 

391 

335 

617 

435 

526 

400 

478 

38.5 

399 

390 

403 

390 

407 

3.590  I 


335 


445 


28.264 
23,881 
25,795 
25.012 
24,050 
23,276 
37,944 
32,360 
28.413 
24.545 
24,000 
25.012 

3i;2.501 


BIO  SALADO  DBAINAGE  BASIN. 
RIO   SALADO    NEAR   GUERRERO,  TAMAULIPAS,  MEXICO. 

The  Salado  is  a  torrential  stream,  entenng  the  Rio  Grande  from 
the  Mexican  side  about  60  miles  below  Laredo,  or  730  miles  by 
river  below  El  Paso.     The  town  of  Guerrero  is  located  on  the  Salado 
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some  4  miles  above  its  mouth,  and  the  gaging  station  is  2  miles  above 
the  town.  The  gaging  station  was  estabUshed  in  1900  by  the  Inter- 
national Boundary  Commission. 

The  river  is  a  series  of  pools  and  rapids.  The  best  pool  available 
was  chosen  for  the  station.  The  banks  are  sandy  clay,  not  subject 
to  erosion.  The  bottom  is  mud.  In  lew  water  the  river  is  measured 
by  wading  among  the  rocks  below  tlie  station.  Frequent  discharge 
measurements  are  made  to  determine  closely  the  daily  flow.  The 
liighest  recorded  flood,  on  June  16,  1903,  gave  17.7  on  the  gage. 

The  observations  at  this  station  have  been  made  under  the  direc- 
tion of  the  Mexican  section  of  the  International  Boundary  Commission. 

Discharge  measurements  and  gage  heights  for  the  yeai*s  1900  to 
1904,  which  had  not  hitherto  been  pubUshed  by  the  United  States 
Geological  Survey,  are  given  in  Water-Supply  Paper  248. 

Discharge  measurements  of  Rio  Salado  near  Guerrero y  Tamaulipas,  Mexico,  in  1909, 

[By  Lassaulx  and  Garcia.] 


Date. 

Area  of 
section. 

Gage 
hel^t. 

Dis- 
charge. 

Date. 

Area  of 
section. 

Gage 
height. 

Dis- 
charge, 

Jan.     3 

Sq.ft. 

960 

137 

136 

137 

136 

137 

134 

133 

128 

130 

127 

126 

124 

122 

119 

118 

115 

113 

21 

21 

21 

21 

131 

125 

116 

1,580 

142 

98 

66 

63 

62 

33 

25 

23 

21 

20 

20 

2,476 

2,522 

1,056 

157 

119 

117 

119 

160 

116 

3.137 

Feet. 
2.5 
2.3 
2.2 
2.1 
2.1 
2.1 
2.0 
2.0 
1.9 
1.9 
1.8 
1.7 
1.6 
1.6 
1.4 
1.3 
1.2 
1.1 
1.0 
1.0 
1.0 
.9 
1.9 
1.8 
1.2 
4.5 
2.4 
1.3 
.9 
.8 
7 

.5 

.3 

.1 

.0 

-.1 

-.1 

7.5 

8.7 

3.0 

2.3 

1.8 

1.7 

1.7 

2.4 

1.4 

10.6 

8ec.-fl. 

119 

130 

117 

115 

112 

116 

102 

96 

81 

79 

74 

70 

64 

60 

69 

61 

46 

42 

14 

15 

15 

14 

92 

81 

43 

1,138 

137 

48 

40 

34 

29 

23 

15 

12 

10 

8 

8 

7,024 

8,551 

185 

140 

103 

86 

90 

155 

73 

13.622 

July     3 

5,152 
3,976 
3,196 
2,929 
2,738 
2,926 
2,734 
2.420 
2.346 
2,387 
2,363 
2,886 
2,60^ 
2,377 
2,275 
3,604 
4.770 
5.058 
3,960 
3,230 
3,029 
2.960 
2,932 
2,847 
2.788 
2,727 
2.686 
2,646 
2,621 
2,623 
2.600 
2,561 
2.561 
2,543 
2.540 
2.522 
2.524 
2.520 
2.495 
2,520 
2,519 
2.496 
2,493 
2.496 
2,515 
2,514 

Feet. 

16.0 
19.0 
14.0 
6.6 
6.0 
4.2 
6.0 
4.4 
1       3.3 
2.9 
3.2 
3.6 
6.1 
4.0 
3.4 
2.9 
9.2 
16.2 
17.2 
11.5 
7.0 
5.4 
5.1 
5.0 
4.6 
4.3 
4.0 
3.8 
3.6 
3.5 
3.6 
3.4 
3.2 
3.2 
3.1 
3.1 
3.0 
3.0 
3.0 
2.9 
3.0 
3.0 
2.9 
2.9 
2.9 
3.0 
3.0 

Sec.-fi. 
21.309 

7o 

29,665 

11 

7 

16,928 

15 

11 

3,736 

19 

15 

3,132 

23 

19 

1,364 

27 

20 

3,178 

30  .  .   

23 

1,411 
663 

Feb.     3 

28 

7 

Aus.    3  .             ... 

448 

11 

7::.::::.:::::::::: 

570 

15      

11 . 

609 

19 

13 

3,339 

23         

15  .                 .       . 

1,120 

27 

19 

652 

Mar.    3        

23  . 

438 

7 

28 

8,504 

11 

29 

20,985 

15 

30 

26,706 

20 

Sept.    3                       ... 

12,466 

24 

4,067 

28 

11 

1,760 

Apr.     1 

15 

1,621 

19 

1,638 

7 

23 

1,348 

8 

28 

1,266 

11 

Oct.     3 

1,171 

15 

7 

941 

19 

11 

825 

23 

1      15......::  :.::.:: 

801 

28 

19 

801 

May     3 

23 

777 

28 

747 

11 

Nov.    3 

744 

15 

7 

723 

19 

11 

727 

23 

15                       

673 

27 

19 

679 

28 

23      .  . 

672 

June    3 

27 

610 

7 

Dec.     3 

667 

11 

7 

675 

16                     ... 

11 

601 

19 

15 

695 

23 

19 

603 

28 

23 

043 

July     2 

28 

648 

o  Rejected;  too  large. 
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Daily  gage  height y  in  feet,  of  Rio  Salado  near  Gtierrero,  Tarnaulipas,  Mexico,  for  1909, 


Day. 

Jan. 

1 

2.4 

2.45 

2.46 

2.4 

2.4 

2.3 
2.3 
2.3 
2.3 
2.2 

2.2 
2.2 
2.2 
2.1 
2.1 

2.1 
2.1 
2.1 
2.1 
2.1 

2.1 
2.1 
2.1 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 

2 

3 

4 

6 

6 

7.  .      

8 

9.        .  . 

10 

11 

12 

13 

14..  . 

15 

16 

17 

18 

10 

20 

21 

22 

23 :... 

24 

26 

26 

27 

28 

29 

30 

2.0 

31 

1.9  1 

1 

Feb.     Mar. 


1.9 
1.9 
1.9 
1.9 
1.9 

1.9 
1.9 
1.8 
1.8 
1.8 

1.8 
1.8 
1.8 
1.8 
1.7 

1.7 
1.7 
1.6 
1.6 
1.5 

1.6 
1.6 
1.5 
1.4 
1.4 

1.4 
1.4 
1.3 


1.3 
1.3 
1.3 
1.2 
1.2 

1.2 
1.2 
1.2 
1.1 
1.1 

1.1 
1.1 
1.1 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
.9 

.9 
.9 
.9 
.9 
.9 
.9 


Apr. 


1.85 

1.65 

1.5 

1.4 

1.35 

1.25 
1.2 
3.85 
2.25 
2.55 

2.3 
1.8 
1.5 
1.4 
1.3 

1.2 

1.1 
.96 
.9 
.9 

.9 

.8 
.8 
.8 
.8 

.7 
.7 
.7 
.6 
.6 


May. 


0.6 
.5 
.5 
.4 
.4 

.3 
.3 
.2 
.2 
.1 

.1 
.1 
.0 
.0 
.0 

.0 
.0 

-.1 
-.1 
-.1 

-.1 
-.1 
-.1 

-.2 
-.2 

1.3 

6.7 

8.1 

6.26 

5.35 

4.2 


June. 


3.7 
3.2 
2.9 
2.5 
2.4 

2.3 

2.25 

2.1 

2.0 

1.9 

1.75 

1.7 

1.6 

1.65 

1.65 

1.45 

1.25 

1.05 

1.7 

1.46 

1.3 

1.6 

2.35 

2.15 

1.95 

1.75 

1.55 

1.4 

1.4 

1.56 


July. 


1.66 
12.0 
16.76 
19.3 
18.5 

17.3 
11.75 
7.65 
8.26 
7.6 

6.26 
5.7 
5.36 
6.16 
4.95 

4.76 
4.55 
4.36 
4.15 
6.66 

5.4 

4.76 

4.2 

3.85 

3.66 

3.6 

3.4 

3.3 

3.2 

3.25 

3.06 


Aug. 


3.0 
2.9 
2.9 
3.3 
3.3 

3.2 

3.2 

3.1 

3.05 

3.75 

3.65 
5.0 
6.9 
4.45 
3.96 

3.76 
3.6 
3.36 
3.36 
3.2 

3.1 
3.0 
2.9 
2.8 
2.8 

3.6 
7.05 
10.4 
15.7 
16.76 
14.86 


Sept. 


16.46 
16.0 
10.9 
8.9 

7.7 

7.3 

6.95 

6.66 

6.1 

5.8 

6.35 

5.2 

6.1 

6.0 

6.1 

4.95 
6.0 
6.25 
5.3 
6.05 

4.6 

4.6 

4.56 

4.4 

4.4 

4.3 

4.3 

4.25 

4.2 

4.1 


Oct. 


4.0 
4.0 
3.9 
3.9 
3.9 

3.8 
3.8 
3.7 
3.7 
3.7 

3.6 
3.6 
3.6 
3.6 
3.6 

3.5 

3.5 

3.6 

3.96 

4.0 

3.75 

3.6 

3.4 

3.4 

3.3 

3.3 
8.2 
3.2 
3.2 
3.1 
3.1 


Nov. 


3.2 
3.2 
3.2 
3.2 
3.2 

3.1 
3.1 
3.1 
3.1 
3.1 

3.1 
3.1 
3.1 
3.1 
3.0 

3.0 
3.0 
3.0 
3.0 
3.0 

3.0 
3.0 
3.0 
3.0 
3.0 

3.0 
2.9 
2.9 
2.9 
3.0 


Dec. 


3.0 
3.0 
3.0 
3.0 
3.0 

3.0 
2.9 
2.9 
2.9 
2.9 

2.0 
2.9 
2.9 
2.9 
2.9 

2.9 
2.9 
2.9 
2.9 
2.9 

2.9 
3.0 
3.0 
3.0 
3.0 

3.0 
3.0 
3.0 
2.9 
2.9 
2.9 


BIO  SAN  JTTAN  DBAINAGB  BASIN. 
Rio    8AN    JUAN    NEAR   SANTA   ROSALIA   RANCH,    TAMAULIPAS,    MEXICO. 

The  San  Juan  is  a  long  torrential  stream  entering  the  Rio  Grande 
15  miles  below  Roma  and  790  miles  by  river  below  El  Paso.  Six 
miles  above  its  mouth  is  the  town  of  Camargo. 

The  station  was  first  established  in  1900  near  La  Quemada,  12 
miles  above  Camargo,  by  the  International  Boundary  Commission,  but 
in  time  of  heavy  flood  in  the  Rio  Grande  backwater  reached  the  sta- 
tion, and  on  July  14,  1902,  it  was  moved  6  miles  farther  upstream  to 
its  present  location  near  Santa  Rosalia  ranch,  Tamaulipas,  Mexico. 
It  is  now  above  backwater. 

The  river  bed  at  both  stations  shifts  constantly  and  frequent  dis- 
charge measurements  have  been  made  to  determine  closely  the  daily 
flow.  Both  banks  are  of  sandy  clay  which  are  above  high  water  and 
do  not  erode.  The  bottom  of  the  river  is  sand  which  erodes  slightly 
in  flood. 

Low  water  (no  flow)  is  approximately  zero  on  the  gage.  The 
highest  recorded  flood,  on  September  16, 1904,  reached  27  feet  on 
the  gage. 
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The  observations  at  both  stations  have  been  made  under  the 
direction  of  the  Mexican  section  of  the  International  Boundary 
Commission. 

Discharge  measurements  and  gage  heights,  1900  to  1904,  which 
had  hitherto  been  published  by  the  United  States  Geological  Survey, 
are  given  in  Water-Supply  Paper  248. 

Discharge  meagnrements  of  Rio  San  Juan  near  Santa  Rosalia  ranch,  TamaulipaSy  Mexico, 

in  1909. 

[By  S.  Jaso.] 


Date. 

Area  of 
section 

Gage 
height. 

Dis- 
charge. 

Date. 

Area  of 
section. 

hei^t. 

Dis- 
charge. 

Jan.     2 

Sq.ft. 

100 
243 
145 
122 
114 
109 
98 
104 
86 
86 
81 
73 
77 
76 
72 
62 
6(> 
58 
45 
35 
65S 
224 
122 

as 

79 

81 

69 

61 

51 

41 

71 

130 

642 

216 

624 

207 

12S 

103 

93 

83 

1.0 
2.4 
1.6 
1.3 
1.2 
1.1 
1.0 
1.0 
0.9 
.9 
.8 
.75 
.7 
.7 
.6 
.6 
.5 
.4 
.2 
.1 
5.3 
2  15 
1.2 
.9 
.7 
.6 
.5 

:i 

.1 

.8 
1.2 
4.9 
2.0 
4.2 
1.8 
1.0 

.8 

.7 

.5 

S(C.'p. 

20 

234 

74 

49 

30 

25 

22 

22 

18 

7 

4 

2 

3 

3 

3 

2 

0 

0 

0 

0 

1,43.5  1 

17S 

41  I 

8 

3 

3 

0 

0 

8' 

2 

48 

1,466 

126 

85o 

99 

27 

5 

3 

0 

June  27 

425 
5,140 
5. 495 
3,233 

620 
4,315 
5,478 
3,120 
1.519 
1,149 

6,r^ 

10,884 
3,181 
3,210 
3,180 
2, '283 
4,793 
2,589 
3,106 
1,419 
1,866 
1,743 
1,666 
1,719 
1,255 
1,976 
1,917 
1,826 
1,717 
1,723 
l,(vS3 
1,642 
1.642 
l,r^ 

1,619 
1,593 
1,613 
1.614 
1,590 

Feet. 

.6 

3.8 

26.0 

28.0 

16.3 

1.2 

22.0 

28.0 

16.0 

5.5 

3.4 

32.5 

53.6 

16.3 

16.2 

16.0 

6.5 

13.5 

7.3 

8.9 

4.4 

3.0 

1.9 

1.4 

.6 

.3 

.66 

.2 

-  .3 

-  .9 
-1.0 
-1.4 
-1.7 
-1.5 
-1.8 
-1.7 
-1.9 
-1.7 
-1.7 
-1.9 

Sec.^.2 
600 

4 

28  -          ... 

0 

8 

Julv      1 

20,817 

13 

3 ::::::::::   : 
7 

1  Auk.  10 

25,415 

18 

11,121 

24 

264 

2S 

■      ii:::::::::::::::::: 

17, 476 

Feb.     3 

t             12 

29,552 

S 

13:::::::::::::::::: 

9,199 

12 

17 

3.930 

17 

23 

28 

1,166 

24 

42.768 

27 

29             ... 

88,160 

Mar.     3  .    . 

Sept.    2 

10,306 

9 

10,400 

14 

'              9:::::::::::::::::: 

10,303 

19 

13      

6,158 

24 

16 

19, 412 

30 

19 

4,194 

Apr.     4 

10 

1             24 

8,378 

28 :: ::::::.:. 

1,.529 

12 

Oct.      4 

1,806 

U\ 

10 

1,437 

21 

14 

1,302 

25 

25 

1,105 

28 

28 

810 

May     4 

9 

Nov.    6 

1,327 

9 

1,248 
997 

14 

14 

19 

18 

802 

23 

21 

752 

27 

24 

697 

28 

28 

576 

June    2 

Dec.     3 

881 

3 

8 

636 

5 

11 

710 

10 

16 

681 

15 

22 

649 

20 

25       .         .     . 

688 

25 

28 

(.70 

Note.— A  new  gage  installed  Ootober  1,  VJ^yi.    Readings  are  not  comparable  with  old  gage. 

Daily  gage  height,  in  feet,  of  Rio  San  Juan  near  Santa  Rosalia  ranch,  Tamaulipas, 

Mevico,  for  1900. 


Day. 


6. 
7. 
8. 
9. 
10. 


Jan. 


1 

1.0 

2 

1.0 

3.       ..     . 

1    1.0 

4 

i    2. 4 

5 

1    2.1 

i.a5 

1.75 

1.6 

1.5 

1.45 


Feb. 

Mar. 

Apr. 

May. 

June. 

1.0 

07 

1.5 
3.2 
3.9 
2.1 
1.75 

1.55 

1.35 

1.3 

1.15 

1.0 

1.0 

1.0 

1.0 

9 

.9 

.9 

.9 

- 
.6 

.9 

.9 

6.06 

July.  I  Aug.     Sept.  I  Oct. 


19.9 
24.6 
26.0 
21.0 
12.0 

13.15 
14.75  , 
15.65  ' 
10.85  i 
4.6    I 


1.35 

1.25 

1.2 

1.35 

1.2 

1.16 

1.7 

1.6 

1.35 

1.16 


23.25 

18.4 

16.3 

16.2 

16.2 

16.1 

16.1 

16.0 

15.65 

13.36 


3.75 

3.5 

3.25 

2.95 

2.75 

2,55 

2.35 

2.2 

2.05 

1.86 


Nov.  I  Dec, 


0.1 
.0 
.0 
.65 
.6 

.15 

.0 

.0 

.6 

.2 


-2.0 
-1.6 
-1.6 
-1.6 
-1.6 

-1.7 

-1.8 

-1.75 

-1.8 

-1.7 
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Daily  gage  height,  in  feet,  of  Rio  San  Juan  near  Santa  Rosalia  ranch,   Tamaulipas, 
Mexico,  for  1909 — Continued. 


Day. 

Jan. 

1.4 

1..% 

1.3 

1.3 

1,3 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 

1.2 

1.2 

1.15 

1.05 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

Feb.  1  Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1.65 

1.55 

1.5 

1.4 

1.4 

1.25 
1.1 
1.0 
0.95 
.9 

.8 

.7 

.7 

.65 

.46 

.4 
.4 

i 

.1 

Nov. 

Dec. 

11 

.9 
.9 
.9 
.9 
.9 

.9 
.8 
.8 

.8 
.8 

.8 
■      .8 
.8 
.8 
.7 

.7 
.7 

.7 

.6 
.6 
.6 
.6 

2.9 
2.0 
1.6 
1.5 
1.35 

1.2 
1.1 
1.1 
1.0 
1.0 

.95 

.9 

.8 

.8 

.7 

.7 
.7 
.6 
.6 
.6 

"L25' 

1.25 

6.25 

5.7 

4.3 

2.55 

1.95 

.9 
.9 
.9 
.8 
.8 

.8 
.7 
.7 
.7 
.7 

.6 
.6 
.6 
.6 
.5 

.6 

.5  • 
3.4 
2.15 
1.7 

3.85 

2.85 

2.7 

2.35 

2.2 

2.0 
1.9 
1.8 
1.7 
1.7 

6.25 

3.65 

3.15 

2.7 

2.3 

1.85 

1.75 

1.65 

1.5 

1.5 

1.4 

25.0 

28.25 

20.0 

8.5 

7.0 

6.0 

5.5 

4.5 

3.95 

3.7 

3.55 
3.45 
4.95 
6.5 
6.8 

7.0 
12.6 
28.75 
51.75 
60.0 
43.5 

6.95 

6.75 

6.5 

6.2.'^ 

6.7 

13.6 
10.3 
8.5 
6.2 
6.76 

6.4 

6.1 

5.85 

8.1 

6.2 

5.3 

4.9 

4.45 

4.15 

3.9 

.05 

-  .05 

-  .15 

-  .3 

-  .45 

-  .65 

-  .8 

-  .95 
-1.0 
-1.0 

-1.0 

-1.1 

-1.25 

-1.4 

-1.45 

-1.5 

-1.6 

-1.7 

-1.85 

-2.0 

-1.7 

12. 

—1.6 

13 

-1.8 

14 

-1.9 

15 

—1.9 

16 

-1.9 

17 

-1.9 

18 

-1.9 

19 

-1.9 

20 

-1.9 

21.. 

-1.8 

22 

-1.7 

23 

-1.65 

24 

-1.66 

25 

-1.7 

26 

-1.7 

27 

-1.8 

28 

-1.9 

29 

-1.9 

30 

-2.0 

31.. 

-2.0 

Note.— No  flow  March  15  to  April  9,  and  May  1-24, 1909. 

MISCELLANEOUS    MEAST7BEMENTS    IN   BIO  GBANDE    DBAINAOE 

BASIN. 

The  following  miscellaneous  discharge  measurements  were  made  in 
the  Rio  Grande  drainage  basin  in  1909: 

Miscellaneous  discharge  measurements  in  Rio  Grande  basin  in  1909. 


Date. 


May  18.. 

May  17.. 

June  21. 
Aug.  4.. 
Oct.  1... 
May  17.. 

Do.. 

Do.. 


May  15.. 

June  22.. 
June  23.. 
Oct.  1... 
Sept.  30. 
Oct.  1 . . . 
June  2... 


Stream. 


Tributary  to— 


Locality. 


I 


.do. 
.do. 
.do. 
Willow  Creek. 


Shaw  Creek 

Los  Plnos  Creek  — 
San  Antonio  Creek . 


3.34 

3.77 
1.07 
1.52 


GooseCreek Rio  Grande Wapon    Wheel    Gap, 

'      Colo. 

South     Fork    of    Rio   do South  Fork,  Colo 

Grande.  i 

do 1 do 

do I (io 

do I do 

do I  1   mile   below  South 

!      Fork,  Colo. 

do '  4  miles  below  South 

I      Fork.  Colo. 

do 1  2    mile«    above    Del 

I      Norte,  Colo. 

Conejos  River i  1  mile  south  of  Anto- 

nlto,  Colo. 

.  ...do do I do 

....do ' do I do '>12.55 

do i do do J 

Chania  River |  Rio  Grande '  Chamlta,  N.  Mex 

do do I do 

Rio  Puerco do Rio  Tuerpo,  N.  Mex 


Gage 
height. 


Feet. 


Ml.O 
f'12.45 


Dis- 
charge. 


Sec.'ft. 
130 

932 

1,140 
142 
111 
a50 

a  15 

o60 

814 


234 
c20 
a20 
a. 30 


0.8 


a  Estimated.  ^  Distance  from  reference  point  to  water  surface. 


c  Float  rieasurement. 
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Accuracy,  deigree  of. 24-25 

Acknowledgments  to  those  aiding 26 

Acre-foot,  definition  of 12 

Albuquerque  district,  irrigation  in 31 

Antonlto,  Colo., 

San  Antonio  Creek  near: 

discharge 101 

Appropriations,  amount  of 6 

Authority  for  investigations.  ^ 5 

B. 

Bluewater  Creek,  N.  Mex.,  flood  on 7»-76 

Bluewater  dam,  N.  Mex.,  daily  precipitation 

In  vicinity  of 75 

failure  of 73-75 

Bolster,  R.  H.,  work  of 27 

Brownsville,  Tex., 
Rio  Grande  near: 

description 66 

dlschtu^e 66 

gage  heights 67 

Backman,  N.  Mex., 
Rio  Grande  near: 

description 41 

discharge 41 

discharge,  daily 42 

discharge,  monthly 43 

gage  heights 42 

C. 
Cameron  Creek  at— 

Fort  Bayard,  N.  Mex.: 

description 7JI-79 

discharge 79 

discharge,  monthly 79 

gage  heights 79 

Cameron  Creek  basin,  stream  flow  in Ti^Sl 

Chama  River  at  - 
Chamita,  N.  Mex.: 

discharge 101 

Chamita,  N.  Mex., 
Chama  River  at: 

discharge 101 

Conejos  River  basin,  stream  flow  in 67-69 

Conejos  River  near— 
Mogote,  C^lo.: 

description ^7-68 

discharge 68 

discharge,  daily 69 

discharge,  monthly 69 

gage  heights 68 

view  of 34 

Cooperation,  credit  for 26 


Page. 

C-ooperative  data,  use  of 25-26 

Creede,  Colo., 

Rio  Grande  near: 

description 34 

discharge 34 

discharge,  daily 35 

discharge,  monthly 36 

gage  heights 35 

view  of 34 

See  aUo  Thirtymile  Bridge. 

Current  meter,  description  of 17-18 

use  of 18-19 

views  of 18 

Current-meter  stations,  views  of 16 

D. 

Data,  accuracy  of. 24-25 

use  of 25 

Dayton,  N.  Mex., 
Pecos  River  near: 

description 86 

discharge 87 

discharge,  daily 87-88 

discharge,  monthly 88 

gage  heights 87 

Definitions  of  terms 11-12 

Del  Norte,  Colo., 

Los  Plnos  Creek  above: 

discharge 101 

Rio  Grande  near: 

description 3C-37 

discharge 37 

discharge,  daily 38 

discharge,  monthly 38 

gage  heights 37 

Devils  River,  Tex., 
Devils  River  at: 

description 95 

discharge 96 

discharge,  daily 97 

discharge,  monthly 97 

gage  heights 96 

Rio  Grande  below: 

description 56 

discliarge 57 

discharge,  daily 58 

discharge,  monthly 59 

gage  heights 57 

Devils  River  at— 

Devils  River,  Tex.: 

description 95 

discharge 96 

discharge,  daily 97 
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Page. 
Devils  River  at— Continued. 

Devils  River,  Tex.— Continued. 

discharge,  monthly 97 

gageheigfats 96 

Devils  River  drainage  basin,  stream  flow  in  .  95-97 

Discharge,  computation  of 20-23 

curves  for 20 

measurement  of 14-19 

Discharge  measurements,  nature  of 13 

Domestic  water  supply,  importance  of 7 

Drainage,  stream  flow  and 7-8 

Drainage  basins,  list  of 8 

E. 

Eagle  Pass.,  Tex., 
Rio  Grande  at: 

description 59 

discharge 59-60 

discharge,  daily 61 

discharge,  montlily 61 

gage  heights 60 

El  Paso,  Tex., 

Rio  Grande  near: 

description 45 

discharge 46 

discharge,  daily 47 

discharge,  monthly 48 

gage  heights 47 

Equivalents,  list  of 12-13 

Espanola  Valley,  irrigation  in 31 

F. 
Faywood,  N.  Mex., 
Mimbrcs  River  near: 

automatic  gage  on,  view  of 76 

description 75-76 

discharge 76 

discharge,  dally 77 

discharge,  monthly 78 

gage  heiglits 76 

Field  methods,  features  of 14-19 

Float  method,  description  of 17 

Floods,  prevention  of 8 

Follett,  W.  W.,  work  of 27 

Fort  Bayard,  N.  Mex., 
Cameron  Creek  at: 

description 78-79 

discharge 79 

discharge,  montlily 79 

gage  heights 79 

Stephens  Creek  near: 

description 80 

discharge 80 

gage  heights 80 

Fort  Sumner,  N.  Mex.— 
Pecos  River  near: 

descrlpt  ion 83-84 

discharge 84 

discharge,  daily 85 

discharge,  montlily 86 

gage  heights 84 

Freeman,  W.  B.,  work  of. 26,27 

G. 

Gage  heights,  readings  of 13 

Gaging  stations,  chissification  of 20-23 

list  of,  in  western  Gulf  of  Mexico  drainage 

basins 27-28 


Page. 

Gaging  stations,  types  of,  description  of 16 

•    views  of. f 16 

Gallinas  River  near- 
Las  Vegas.  N.  Mex.: 

description , 93 

discharge 93 

discharge,  dally 94 

discharge,  monthly 95 

gage  heights 94 

Goose  Creek  at— 

Wagon  Wheel  Gap,  Colo.: 

discharge 101 

Guerrero,  Mexico, 
Rio  Salada  near: 

description 97-98 

discharge 98 

gage  heights 99 

Gulf  of  Mexico  (western)  drainage  basins, 

gaging  stations  in 27-28 

I. 

Ice,  measurements  under 19,23 

Investigations,  authorit  y  for 6 

purposes  of 7-8 

scope  of. 6 

I rrlgatlon ,  dependence  of,  on  stream  flow 7 

K. 

King,  L.  T.,  work  of. 27 

L. 

Lake  wood,  N.  Mex., 
Pecos  River  near: 

description 88-89 

discharge 89 

discharge,  daily 90 

discharge,  monthly 90 

gage  heights 89 

Langtry,  Tex., 

Rio  Grande  near: 

description 54 

discharge 64-56 

discharge,  daily 66 

discharge,  monthly 56 

gage  heights 65 

Laredo,  Tex., 

Rio  Grande  near: 

description .• 61-62 

discharge 62 

gage  heights 63 

Las  Vegas,  N.  Mex., 
Gallinas  River  near: 

description 93 

discharge 93 

discharge,  daily 94 

discharge,  monthly 95 

gage  heights 94 

Leasburg  dam,  view  of 30 

Lobatos,  Colo., 

Rio  Grande  near: 

description 38-39 

discharge 39 

discharge,  dally 40 

discharge,  monthly 41 

gage  heights 39-40 

Los  Pinos  Creek  above — 
Del  Norte,  Colo.: 

d  ischarge 101 
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McChristle,  M.  E.,  work  of. 27 

Mathers,  J.  O.,  work  of 27 

MesiUa  Valley,  irrigation  in 31 

Miller,  C.  D.,  work  of. 27 

Mimbres  River  basin,  stream  flow  In 75-78 

Mimbres  River  near- 
Fay  wood,  N.  Mex.: 

automatic  gage  on,  view  of. 76 

description 75-76 

discharge 76 

discharge,  daily 77 

discharge,  monthly 78 

gage  heights 76 

Miner's  inch,  definition  of 11 

Miscellaneous  measurements  in— 

Rio  Grande  drainage  basin 101 

Mogote,  Colo., 

Conejos  River  near: 

description 67-68 

discharge 68 

discharge,  daily 69 

discharge,  monthly 69 

gage  heights 68 

view  of 34 

Moorhead,  Tex., 
Pecos  River  near: 

description 90-91 

discharge 91 

discharge,  daily 92 

discharge,  monthly 93 

gage  heights 92 

N. 

Navigation,  dependence  of,  on  stream  flow. . .  7 

O. 

Office  methods,  features  of 20-23 

P. 

Padgett,  work  of 27 

Pecos  River,  concrete  flume  across,  view  of. .  30 

Pecos  River  drainage  basin,  description  of. . .  81-83 

stream  flow  in 83-96 

Pecos  River  near- 
Dayton,  N.  Mex.: 

description 86 

discharge 87 

discharge,  daily 87-88 

discharge,  monthly 88 

gageheights 87 

Fort  Sumner,  N.  Mex.: 

description 83-84 

discharge 84 

discharge,  dally 85 

discharge,  monthly 86 

gageheights 84 

Lakewood,  N.  Mex.: 

description 88-89 

discharge 89 

discharge,  daily 90 

discharge,  monthly 90 

gage  heights 89 

Moorhead,  Tex.: 

description 90-91 

discharge 91 

discharge,  daily 92 


Peoos  River  near— Continued.  Page. 

Morehead,  Tex. — Continued. 

discharge,  monthly 93 

gageheights '    92 

Pecos  River  valley,  view  of 76 

I*resldio,  Tex., 

Rio  Grande  above: 

description ! 48 

discharge 49 

discharge,  daily 50 

discharge,  monthly .^       51 

gageheights 50 

Rio  Grande  below: 

description 51 

discharge 52 

discharge,  daily 53 

discharge,  monthly 54 

gageheights 53 

Price  meters,  views  of 18 

Publications,  lists  of. 9-11 

R. 

Rating  curves,  construction  and  use  of. 20 

Rating  tables,  construction  of 20 

nature  of 14 

Revision,  need  for 25-26 

Rice,  R.  C,  work  of 27 

Rio  Grande  at  or  near— 

Buckman,  N.  Mex.: 

description 41 

discharge 41 

discharge,  dally 42 

discharge,  monthly 43 

gage  heights 42 

Brownsville,  Tex.: 

descriptfon 65 

discharge 66 

gage  heights 67 

Creede,  Colo.: 

description 34 

discharge 34 

discharge,  daily 35 

discharge,  monthly 36 

gage  heights 35 

view  of 34 

See  (U»o  Thirtymile  Bridge. 

Del  Norte,  Colo.: 

description 3G-37 

discharge 37 

discharge,  dally 38 

discharge,  mon  till  y 38 

gage  heights 37 

(below)  Devils  River,  Tex.: 

description 56 

discharge 57 

discharge,  daily 58 

dlschargi',  monthly 59 

gage  heights 57 

Eagle  I'ass,  Tex.: 

description 59 

discharge 59-60 

discharge,  dally 61 

discliarge,  monthly 61 

gage  heights 60 

El  Paso,  Tox.: 

description 45 

discharge 46 

discharge,  daily 47 


Digitized  by 


Google 


106 


INDEX. 


Page. 
Rio  Grande  at  or  near— Gontinaed. 

El  Paso,  Tex.- Continued. 

discharge,  monthly 48 

gage  heights 47 

Langtry,  Tex.: 

description 64 

discharge 54-55 

discharge,  daily 56 

discharge,  monthly 66 

gage  heights 66 

Laredo,  Tex.: 

description 61-62 

discharge 62 

gage  heights 63 

Lobatos,  Colo.: 

description 38 

discharge 39 

discharge,  dally 40 

discharge,  monthly 41 

gage  heights 39-40 

(above)  Presidio,  Tex.: 

description 48 

discharge 49 

discharge,  daily 50 

discharge,  monthly 61 

gage  heights 60 

(below)  Presidio,  Tex.: 

description 61 

discharge 52 

discharge,  daily 63 

discharge,  monthly 64 

gage  heights 63 

Roma,  Tex.: 

description 63 

discharge 64 

gage  heights 65 

San  Marcial,  N.  Mex.: 

description ,.  43 

discharge 43-44 

discharge,  daily 45 

discharge,  monthly 45 

gage  heights 44 

Thirtymlle  Bridge  (near  Creede),  Colo.: 

description 32 

discharge 33 

discharge,  daily .' 33 

discharge,  monthly 34 

gage  heights 33 

Rio  Grande  canal,  headgates  of,  view  of 30 

largest  concrete  drop  in,  view  of 30 

Rio  Grande  drainage  basin,  description  of. . .  28-32 

gaging  stations  in 27-28 

stream  Qow  in 28-101 

irrigation  in 31 

miscellaneous  measurements  in 101 

Rio  Grande  (South  Fork)  at— 

South  Forlc,  Colo.: 

discharge , 101 

gago  heights 101 

Rio  Puerco  at— 

Rio  Puerco,  N.  Mex.: 

discharge 101 

Rio  Salado  drahiage  basin,  stream  flow  in. . .  97-99 
Rio  Salada  near- 
Guerrero,  Mexico: 

description 97-«8 

discharge 98 

gage  heights 99 


Page. 
Rio  San  Juan  drainage  basin,  stream  flow  in.  99-101 
Rio  San  Juan  near- 
Santa  Rosalia  ranch,  Tamaulipas,  Mex.: 

description 99-100 

dischcxge 100 

gage  heights 100-101 

Roma,  Tex., 

Rio  Grande  near: 

description 63 

discharge 64 

gage  heights 65 

Run-off,  computation  of 20-23 

definition  of 11 

Russell,  G.  H.,  work  of 27 

S. 

San  Antonio  Creek  near— 
Antonito,  Colo.: 

discharge 101 

San  Luis  Valley,  irrigation  in 31 

San  Marcial,  N.  Mex., 
Rio  Grande  near: 

description 43 

discharge 43-44 

discharge,  daily 45 

discharge,  monthly 45 

gage  heights 44 

Santa  Fe  Creek  at— 
Santa  Fe,  N.  Mex.: 

description 60-70 

discharge 70 

discharge,  daily 71-72 

discharge,  monthly 73 

gage  heights 70 

Santa  Fe  Creek  basin,  stream  flow  in 60-73 

Santa  Rosalia  ranch,  Tamaulipas,  Mex., 
Rio  San  Juan  near: 

description 99-100 

discharge 100 

gage  heights lOO-lOl 

Second-foot,  definition  of 11 

Section,  changes  in,  estimating  for 21-23 

Shaw  Creek  below- 
South  Fork,  Colo.: 

discharge 101 

Slope  method,  description  of 15 

South  Fork,  Colo., 

Rio  Grande  (South  Fork)  at: 

discharge 101 

Shaw  Creek  t)elow: 

discharge 101 

Willow  Creek  below: 

discharge 101 

Stephens  Creek  near- 
Fort  Bayard,  N.  Mex.: 

description 80 

discharge 80 

gage  heights 80 

Stevens,  G.  C,  work  of 27 

Stewart,  J.  B.,  work  of 27 

Stream  measurement ,  accuracy  of 24-25 

data  on,  use  of 25 

methods  of 14-19 

Sullivan,  V.  L.,  work  of 27 

Sutton,  W.  H.,  work  of 27 

Swamps,   dependence   of  drainage   of,  on 

stream  flow 7-8 
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SURFACE  WATER  SUPPLY  OF  THE  COLORADO  RIVER 

BASIN,  1909. 


By  W.  B.  Freeman  and  R.  H.  Bolster. 


INTRODUCTION, 

AUTHORITY  FOR    INVESTIGATIONS.  * 

This  volume  contains  results  of  flow  measurements  made  on  certain 
streams  in  the  United  States.  The  work  was  performed  by  the 
water-resources  branch  of  the  United  States  Geological .  Survey, 
either  independently  or  in  cooperation  with  organizations  mentioned 
herein.  These  investigations  are  authorized  by  the  organic  law  of 
the  Geological  Survey  (Stat.  L.,  vol.  20,  p.  394),  which  provides, 
among  other  things,  as  follows: 

Provided  that  this  officer  [the  Director]  shall  have  the  direction  of  the  Geological 
Survey  and  the  classification  of  public  lands  and  examination  of  the  geological  struc- 
ture, mineral  resources,  and  products  of  the  national  domain. 

Inasmuch   as  water  is   the   most   abundant   and   most   valuable 

mineral  in  nature,  the  investigation  of  water  resources  is  included 

under  the  above  provision  for  investigating  mineral  resources.     The 

work  has  been  supported  since  the  fiscal  year  ending  June  30,  1895, 

by  appropriations  in  successive  sundry  civil  bills  passed  by  Congress 

under  the  following  item: 

For  gaging  the  streams  and  determining  the  water  supply  of  the  United  States,  and 
for  the  investigation  of  underground  currents  and  artesian  wells,  and  for  the  prepara- 
tion of  reports  upon  the  best  methods  of  utilizing  the  water  resources. 

The  various  appropriations  that  have  been  made  for  this  purpose 
are  as  follows: 

Annual  appropriations  for  the  fiscal  year  ending  June  30 — 

1895 112,500 

1896 20,000 

1897  to  1900,  inclusive 50, 000 

1901  to  1902,  inclusive 100,000 

1903  to  1906,  inclusive 200,000 

1907 150,000 

1908  to  1910,  inclusive 1 100, 000 

1911 150,000 
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SCX>PE   OF   INVESTIGATIONS. 

These  investigations  of  stream  flow  are  not  complete  nor  do  they 
include  all  the  river  systems  or  parts  thereof  that  might  purposefully 
be  studied.  The  scope  of  the  work  is  limited  by  the  appropriations 
available.  The  field  covered  is  the  widest  and  the  character  of  the 
work  is  believed  to  be  the  best  possible  under  the  controlling  con- 
ditions. The  work  would  undoubtedly  have  greater  scientific  impor- 
tance and  ultimately  be  of  more  practical  value  if  the  money  now 
expended  for  wide  areas  were  concentrated  on  a  few  small  drainage 
basins;  but  such  a  course  is  impossible  because  general  appropria- 
tions made  by  Congress  are  appUcable  to  all  parts  of  the  country. 
Each  part  demands  its  proportionate  share  of  the  benefits. 

It  is  essential  that  records  of  stream  flow  shall  be  kept  dining  a 
period  of  years  long  enough  to  determine  within  reasonable  limits  the 
entire  range  of  flow  from  the  absolute  maximum  to  the  absolute 
minimum.  The  length  of  such  a  period  manifestly  differs  for  differ- 
ent streams.  Experience  has  shown  that  the  records  for  some 
streams  should  cover  from  5  to  10  years,  and  for  other  streams  20 
years  or  even  more,  the  limit  being  determined  by  the  relative 
importance  of  the  stream  and  the  interdependence  of  the  results  with 
other  long-time  records  on  adjacent  streams. 

In  the  performance  of  this  work  an  effort  is  made  to  reach  the  high- 
est degree  of  precision  possible  with  a  rational  expenditure  of  time  and 
a  judicious  expenditure  of  a  small  amount  of  money.  In  all  engineer- 
ing work  there  is  a  point  beyond  which  refinement  is  needless  and 
wasteful,  and  this  statement  applies  with  especial  force  to  stream- 
flow  measurements.  It  is  confidently  believed  that  the  stream-flow 
data  presented  in  the  pubHcations  of  the  Survey  are  in  general  suflB- 
ciently  accurate  for  all  practical  purposes.  Many  of  the  records  are, 
however,  of  insuflScient  length,  owing  to  the  unforeseen  reduction  of 
appropriations  and  consequent  abandonment  of  stations.  All  per- 
sons are  cautioned  to  exercise  the  greatest  care  in  using  such  incom- 
plete records. 

Records  have  been  obtained  at  more  than  1,550  different  points  in 
the  United  States,  and  in  addition  the  surface  water  supply  of  small 
areas  in  Seward  Peninsula  and  the'  Yukon-Tanana  region,  Alaska, 
has  been  investigated.  Dining  1909  regular  gaging  stations  were 
maintained  by  the  Survey  and  cooperating  organizations  at  about 
850  points  in  the  United  States,  and  many  miscellaneous  measure- 
ments were  made  at  other  points.  Data  were  also  obtained  in  regard 
to  precipitation,  evaporation,  storage  reservoirs,  river  profiles,  and 
water  power  in  many  sections  of  the  country  and  will  be  made  avail- 
able in  the  regular  surface  water-supply  papers  and  in  special  papers 
from  time  to  time. 
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PURPOSES   OF   THE   WORK. 

The  results  contained  in  this  volume  are  requisite  to  meet  the 
immediate  demands  of  many  public  interests,  including  navigation, 
irrigation,  domestic  water  supply,  water  power,  swamp  and  overflow 
land  drainage,  and  flood  prevention. 

Navigation. — The  Federal  Government  has  expended  more  than 
$250,000,000  for  the  improvement  of  inland  navigation,  and  pros- 
pective expenditures  will  approximate  several  times  this  amount. 
It  is  obvious  that  the  determination  of  stream  flow  is  necessary  to 
the  intelligent  solution  of  the  many  problems  involved. 

Irrigation. — The  United  States  is  now  expending  $51,000,000  on 
Federal  irrigation  systems,  and  this  amount  is  far  exceeded  by  the 
private  expenditures  of  this  nature  in  the  arid  West.  The  integrity 
of  any  irrigation  system  depends  absolutely  on  the  amount  of  water 
available.  Therefore  investigations  of  stream  flow  in  that  portion 
of  the  country  are  not  only  of  first  importance  in  the  redemption 
of  the  lands,  but  constitute  an  insurance  of  Federal  and  private 
investments. 

Domestic  vxiter  supply. — The  highest  use  of  water  is  for  domestic 
supply,  and  although  this  branch  of  the  subject  is  of  less  direct 
Federal  interest  than  the  branches  already  named,  it  nevertheless 
has  so  broad  a  significance  with  respect  to  the  general  welfare  that 
the  Federal  Government  is  ultimately  and  intimately  concerned. 

Water  power. — The  development  of  the  water  power  of  the  country 
is  an  economic  necessity.  Our  stock  of  coal  is  being  rapidly  depleted, 
and  the  cost  of  steam  power  is  increasing  accordingly.  Industrial 
growth  and,  as  a  consequence,  the  progress  of  the  United  States  as 
a  nation  will  cease  if  cheap  power  is  not  available.  Water  power 
affords  the  only  avenue  now  open.  When  the  electric  transmission 
of  power  was  accomplished,  the  relation  of  our  water  powers  to 
national  economy  changed  entirely.  Before  the  day  of  electric 
transmission  water  power  was  important  only  at  the  locality  at 
which  it  was  generated,  but  it  has  now  become  a  public  utility  in 
which  the  individual  citizen  is  vitally  interested.  Inasmuch  as  the 
amount  of  water  power  that  may  be  made  available  depends  on  the 
flow  of  rivers,  the  investigation  of  flow  becomes  a  prerequisite  in  the 
judicious  management  of  this  source  of  energy. 

Drainage  of  swamp  and  overflowed  lands. — More  than  70,000,000 
acres  of  the  richest  land  in  this  country  are  now  practically  worthless 
or  of  precarious  value  by  reason  of  overflow  and  swamp  conditions. 
When  this  land  is  drained,  it  becomes  exceedingly  productive,  and 
its  value  increases  many  fold.  Such  reclamation  would  add  to  the 
national  assets  at  least  $700,000,000.  The  study  of  run-off  is  the 
first  consideration  in  connection  with  drainage  projects.     If  by  the 
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drainage  of  a  large  area  into  any  particular  channel  that  channel 
becomes  so  gorged  with  water  which  it  had  not  hitherto  been  called 
upon  to  convey  that  overflow  is  caused  in  places  where  previously 
the  land  was  not  subject  to  inundation,  then  drainage  results  merely 
in  an  exchange  of  land  values.  This  is  not  the  purpose  of  drainage 
improvement. 

Flood  prevention. — The  damage  from  floods  in  the  United  States 
probably  exceeds  on  the  average  $100,000,000  annually,  and  in  the 
year  1908,  according  to  estimates  based  on  reliable  data,  the  aggre- 
gate damage  approximated  $250,000,000.  Such  an  annual  tax  on 
the  property  of  great  regions  should  be  reduced  in  the  orderly  prog- 
ress of  governnient.  It  goes  without  saying  that  any  consideration 
of  flood  prevention  must  be  based  on  a  thorough  knowledge  of  stream 
flow,  both  in  the  contributing  areas  which  furnish  the  water  and 
along  the  great  lowland  rivers. 

PUBLICATIONS. 

The  data  on  stream  flow  collected  by  the  United  States  Geological 
Survey  since  its  inception  have  appeared  in  the  annual  reports, 
bulletins,  and  water-supply  papers.  Owing  to  natural  processes  of 
evolution  and  to  changes  in  governmental  requirements,  the  char- 
acter of  the  work  and  the  territory  covered  by  these  different  pub- 
lications has  varied  greatly.  For  the  purpose  of  uniformity  in  the 
presentation  of  reports  a  general  plan  has  been  agreed  upon  by  the 
United  States  Reclamation  Service,  the  United  States  Forest  Service, 
the  United  States  Weather  Bureau,  and  the  United  States  Geological 
Survey,  according  to  which  the  area  of  the  United  States  has  been 
divided  into  12  parts,  whose  boundaries  coincide  with  certain  natural 
drainage  lines.  The  areas  so  described  are  indicated  by  the  follow- 
ing list  of  papers  on  surface  water  supply  for  1909.  The  dividing 
line  between  the  North  Atlantic  and  South  Atlantic  drainage  areas 
lies  between  York  and  James  rivers. 

Papers  on  surface  water  s^upply  of  the  United  States^  1909. 


Part. 

No. 

Title. 

Part. 

No. 

TiUe. 

T 

261 

North  Atlantic  coast. 

VI 

266 

Missoiu-i  River  basin. 

II 

262 

South  Atlantic  coast  and  eastern  Qulf 

VII 

267 

Lower  Mississippi  River  basin. 
Western  Gulf  of^Mexico. 

of  Mexico. 

VIII 

268 

III 

263 

Ohio  River  basin.                                   i 

IX 

269 

Colorado  River  basin. 

IV 

264 

St.  Lawrence  River  basin.                     ! 

X 

270 

Great  Basin. 

v 

265 

Upper  Mississippi  River  and  Hudson 
Bay  basin. 

XI 

271 

California. 

XII 

272 

North  Pacific  coast. 

The  following  table  gives  the  character  of  data  regarding  stream 
flow  at  regular  stations  to  be  found  in  the  various  publications  of  the 
United  States  Geological  Survey,   exclusive  of  all  special  papers. 


Digitized  by 


Google 


COLORATK)  RIVER  BASIN. 


11 


Numbers  of  reports  are  inclusive,  and  dates  also  are  inclusive,  so  far 
as  the  data  are  available: 

Stream-flow  data  in  reports  of  the  United  States  Geological  Survey. 
[Ann.— Annual  Report;  B.-Bulletin;  W.  S.- Water-Supply  Paper.) 


Report. 


10th  Ann.,  pt.  2. . 
nth  Ann.,  pt.  2. . 

12th  Ann.,  pt.  2. , 

13th  Ann.,  pt.  3. 

14th  Ann.,  pt.  2. 


B.  131 

16th  Ann.,  pt.  2. 
B.  140 


W.  S.  11.. 
18th  Ann., 


W.  S.  15. 


pt.4. 


W.  S.  16. 


19th  Ann.,  pt.  4. 
W.S.27 


Character  of  data. 


Descriptive  hiformation  only. , 
Monthly  discharge 


-do. 


W.S.28 

20th  Ann.,  pt.  4. 
W.  8.  35  to  39... 
21st  Ann.,  pt.  4.. 
W.  S.47to52... 
22d  Ann.,  pt.  4.. 

W.  8.  65,66 

W.  S.  75 

W.  8.  82  to 86... 
W.  8.  97  to  100. . 
W.  8.  124  to  135. 
W.  8.  165  to  178. 
W.  8.  201  to  214. 
W.  8.  241  to  262. 
W.  8.  261  to  272. 


Mean  discharge  in  second-feet ^ 

Monthly  discharge  (long-time  records,  1871  to  1893) 

Descriptions.  measuiemenU,  gage  heights,  and  ratings 

Descriptive  information  only 

Descriptions,    measurements,    gage    heights,    ratings,    and 

monthly  discharge  (also  many  data  covering  earlier  years). 

Gage  heights  (also  gage  heiahts  for  earlier  years) 

Descriptions,  measurements,  ratings,  and  monthly  discharge 

(also  similar  data  for  earlier  years.) 
Descriptions,  measurements,  and  gage  heights,  eastern  United 

states,  eastern  Mississippi  River,  and  Missouri  River  above 

Junction  with  Kansas. 
Descriptions,  measurements,  and  gaee  heights,  western  Mis- 
sissippi River  below  jimction  of  Missouri  and  Platte,  and 

western  United  States. 
Descriptions,  measurements,  ratings,  and  monthly  discharge 

(also  some  long-time  records). 
Measurements,  ratings,    and   gage   heights,  eastern    United 

states,  eastern  Mississippi  River,  and  Missouri  River. 
Measurements,  ratings,  and  g^e  heights,  Arlcansas  River  and 

western  United  States. 

Monthly  discharge  (also  for  many  earlier  years) 

Descriptions,  measurements,  gage  heights,  and  ratings 

Monthly  discharge 

Descriptions,  measurements,  gage  heights,  and  ratings 

Monthly  discharge 

Descriptions,  measurements,  gage  heights,  and  ratings 

Monthly  discharge 

Complete  data 

!!!!!do! !!!!!!!!!!!!!!!!!! !!!!!!!;"!!!!;!!!!!!;!!!!;"!!!;!!!!! 
....do 

Complete  data,  except  descriptions 

Complete  data 


Year. 


1884  to   Sept., 

1890. 
1884  to  June  30, 

1891. 
1884  to  Dec.  31, 

1802. 
1888  to  Dec.  31, 

1893. 
1893  and  1804. 

1895. 

1896. 

1895  and  1896. 

1897. 


1897. 


1897. 

1898. 

1898. 

1898. 

1899. 

1899. 

1900. 

1900. 

1901. 

1901. 

1902. 

1903. 

1904. 

1905. 

1906. 

1907-8. 

1909. 


Note.— No  data  regarding  stream  flow  are  given  in  the  15th  and  17th  annual  reports. 

The  records  at  most  of  the  stations  discussed  in  these  reports 
extend  over  a  series  of  years.  An  index  of  the  reports  containing 
records  prior  to  1904  has  been  published  in  Water-Supply  Paper  119. 
The  first  table  which  follows  gives,  by  years  and  drainage  basins,  the 
numbers  of  the  papers  on  surface  water  supply  published  from  1899 
to  1909.  Wherever  the  data  for  a  drainage  basin  appear  in  two 
papers  the  number  of  one  is  placed  in  parentheses  and  the  portion  of 
the  basin  covered  by  that  paper  is  indicated  in  the  second  table.  For 
example,  in  1904  the  data  for  Missouri  River  were  published  in  Water- 
Supply  Papers  130  and  131,  and  the  portion  of  the  records  contained 
in  Water-Supply  Paper  131,  as  indicated  by  the  second  table,  is  that 
relating  to  Platte  and  Kansas  rivers. 
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Numbers  of  water-supply  papers  containing  re9ults  of  stream  measurements^  1899-1909. 


18090 


190U^ 


1001 


1902 


1003 


1004 


1005 


1906 


1907-8 


1909 


Atlantic  coast  and  east- 
ern Gulf  of  Mexico: 
New  England  rivers.. 
•        Hudson  River  to 
Delaware  River, 

inclusive 

Susquehanna  River 
to  York  River,  in- 
clusive  

James  River  to  Yad- 
kin River,  inclu- 
sive  

Santee  River  to  Pearl 

River.  Inclusive 

St.  Lawrence  River 

Hudson  Bay 

Mississippi  River: 

Ohio  River 

Upper  Mississippi 
River 


Missouri  River. 


Lower  Mississippi 

River 

Western  Gulf  of  Mexico. . 
Pacific  coast  and  Great 
Basin: 


Colorado  River.. 


Great  Basin 

South  Pacific  coast  to 
Klamath  River, 
inclusive 

North  Paciflc  coast... 


35 


35 


35 


(35),36 

36 
36 


47 

47,(48) 
48 

48 

48 
49 


36 

\       36 

(36),37 

\    ^ 

37 


(37),38 
38,(39) 

(38),39 
38 


48,(49) 
49 


66,75 
66,76 
65,76 

65,75 

65.75 
65,75 
66,75 

65,75 
65,75 


49,(50)  66,75 

SO  i  <^)' 

^  rt  65.76 

60  66,75 


6,75 
6,76 


66,75 
66,75 


82 


(82),83 

83 

(82),83 

85 

83 


84 

}(83),84 
84 


97 
97 
97 

(97),98 

98 
97 
100 

98 
98,(99) 

99 

(98),99 
99 


100 
100 


100 
100 


124 


125 


126 


127 
129 
130 

128 

128, 

(130) 

130, 
(131) 
(128), 

131 

132 


133, 
(134) 

133, 
(1345 


134 
135 


165 


166 


167 


167 

168 
170 
171 

160 

\    172 

(109), 
173 
174 


175, 
(177) 

176, 
(177) 


177 
/(177), 
\    178 


201 
202 
203 

203 

204 
206 
207 

205 
207 


(205), 
209 
210 


211, 
(213) 

212, 
(213) 


213 
214 


241 
241 
241 

242 

242 
244 
245 

243 
245 

246 

247 
248 


249, 
(251) 

250, 
(251) 


251 
262 


261 
261 
261 

2G2 

262 
264 
265 

263 
265 

266 

267 


260, 
(271) 

270, 
(271) 


271 
272 


o  Ratin«:  tables  and  index  to  Water-Supply  Papers  35-39  contained  in  Water-Supply  Paper  39. 
b  Ratini?  tables  and  index  to  Water-Supply  Papers  47-52  and  data  on  precipitation,  wells,  and  irrigation 
in  California  and  Utah  contained  in  Water-Supply  Paper  52. 

Numbers  of  water-supply  papers  containing  data  covering  portions  of  drainage  basins. 


No. 


83 
97 
98 
99 
128 
130 
131 

134 


177 

205 

213 

251 
271 


River  basin. 


James , 

Missouri 

Colorado 

Sacramento. . 
Great  Basin.. 

Delaware 

Ohio , 

Missouri 


Lower  Mississippi. . . 

/James 

VSt.  Lawrence 

Lower  Mississippi. . . 

James 

Lower  Mississippi. . . 

Upper  Mississippi. . . 

Lower  Mississippi. . . 

Upper  Mississippi. . . 

Missoiu-i 

/Colorado 

\Great  Basin 

Lower  Mississippi. . . 

(Colorado 
Great  Basin 
North  Pacific  coast.. 
L«ower  MLssisslppi. . . 

fColorado 

\Great  Basin 

/Colorado 

\Great  Bashi 


Tributaries  included. 


Gallatin. 

Green,  Gunnison,  Grand  above  junction  with  Gunnison. 

Except  Kings  and  Kern. 

Mohave. 

Wissahickon  and  Schuylkill. 

Scioto. 

Loup  and  Platte  near  Columbus,  Nebr.    All  tributaries  below 

Junction  with  Platte. 
Yaroo. 

^Lake  Ontario,  tributaries  to  St.  Lawrence  River  proper. 

Yaeoo. 

Do. 
Tributaries  trom  the  west. 
Yasoo. 

Tributaries  from  the  west. 
Platte,  Kansas. 

Data  near  Yuma,  Ariz.,  repeated. 
Susan,  Owens,  Mohave. 
Yazoo. 

Below  junction  with  Gila. 
Susan  repeated,  Owens,  Mohave. 
Rogue,  Umpqua,  Siletz. 
Yazoo,  Homochitto. 

Data  at  Hardyville  repeated;  at  Yiima,  Salton  Sea. 
Owens,  Mohave. 

Yuma  and  Salton  Sea  stations  repeated. 
Owens  River  Basin. 
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The  order  of  treatment  of  stations  in  any  basin  in  these  papers  is 
downstream.  The  main  stem  of  any  river  is  determined  on  the  basis 
of  drainage  area,  local  changes  in  name  and  lake  surface  being  dis- 
regarded. After  all  stations  from  the  source  to  the  mouth  of  the 
main  stem  of  the  river  have  been  given,  the  tributaries  are  taken  up 
in  regular  order  from  source  to  mouth.  The  tributaries  are  treated 
the  same  as  the  main  stream,  all  stations  in  each  tributary  basin 
being  given  before  taking  up  the  next  one  below. 

The  exceptions  to  this  rule  occur  in  the  records  for  Mississippi 
River,  which  are  given  in  four  parts,  as  indicated  above,  and  in  the 
records  for  large  lakes,  where  it  is  often  clearer  to  take  up  the  streams 
in  regular  order  around  the  rim  of  the  lake  than  to  cross  back  and 
forth  over  the  lake  surface. 

DEFINITION   OF  TERMS. 

'  The  volume  of  water  flowing  in  a  stream — the  '^run-off"  or  *  Mis- 
charge'' — is  expressed  in  various  terms,  each  of  which  has  become 
associated  with  a  certain  class  of  work.  These  terms  may  be  divided 
into  two  groups:  (1)  Those  which  represent  a  rate  of  flow,  as  second- 
feet,  gallons  p^r  minute,  miner's  inches,  and  run-oflf  in  second-feet 
per  square  mile,  and  (2)  those  which  represent  the  actual  quantity 
of  water,  as  nm-off  in  depth  in  inches  and  acre-feet.  They  may  be 
defined  as  follows: 

** Second-foot"  is  an  abbreviation  for  cubic  foot  per  second  and  is 
the  rate  of  discharge  of  water  flowing  in  a  stream  1  foot  wide,  1  foot 
deep,  at  a  rate  of  1  foot  per  second.  It  is  generally  used  as  a  funda- 
mental unit  from  which  others  are  computed  by  the  use  of  the  factors 
given  in  the  following  table  of  equivalents. 

** Gallons  per  minute"  is  generally  used  in  connection  with  pimiping 
and  city  water  supply. 

The  ^'miner's  inch"  is  the  rate  of  discharge  of  water  that  passes 
through  an  orifice  1  inch  square  under  a  head  which  varies  locally. 
It  is  conmionly  used  by  miners  and  irrigators  throughout  the  West, 
and  is  defined  by  statute  in  each  State  in  which  it  is  used. 

** Second-feet  per  square  mile"  is  the  average  number  of  cubic  feet 
of  water  flowing  per  second  from  each  square  mile  of  area  drained, 
on  the  assumption  that  the  run-off  is  distributed  uniformly  both  as 
regards  time  and  area. 

** Run-off  in  depth  in  inches  on  drainage  area"  is  the  depth  to  which 
the  drainage  area  would  be  covered  if  all  the  water  flowing  from  it  in 
a  given  period  were  conserved  and  uniformly  distributed  on  the  sur- 
face. It  is  used  for  comparing  run-off  with  rainfall,  which  is  usually 
expressed  in  depth  in  inches. 
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*^ Acre-foot"  is  equivalent  to  43,560  cubic  feet,  and  is  the  quantity 
required  to  cover  an  acre  to  the  depth  of  1  foot.  It  is  commonly 
used  in  connection  with  storage  for  irrigation  work. 

CONVENIENT   EQUIVALENTS. 

The  following  is  a  list  of  convenient  equivalents  for  use  in  hydraulic 
computations: 

1  second-foot  equals  40  California  miner's  inches  (law  of  March  23,  1901). 
1  second-foot  equals  38.4  Colorado  miner's  inches. 
1  second-foot  equals  40  Arizona  miner's  inches. 

1  second-foot  equals  7.48  United  States  gallons  per  second;  equals  448.8  gallons  per 
minute;  equals  646,272  gallons  for  one  day. 
1  second-foot  equals  6.23  British  imperial  gallons  per  second. 
1  second-foot  for  one  year  covers  1  square  mile  1.131  feet  or  13.572  inches  deep. 
1  second-foot  for  one  year  equals  31,536,000  cubic  feet. 
1  second-foot  equals  about  1  acre-inch  per  hour. 
1  second-foot  for  one  day  covers  1  square  mile  0.03719  inch  deep. 
1  second-foot  for  one  28-day  month  covers  1  square  mile  1.041  inches  deep. 
1  second-foot  for  one  29-day  month  covers  1  square  mile  1.079  inches  deep. 
1  second-foot  for  one  30-day  month  covers  1  square  mile  1.116  inches  deep. 
1  second-foot  for  one  31-day  month  covers  1  square  mile  1.153  inches  deep. 
1  second-foot  for  one  day  equals  1.983  acre-feet. 
1  second-foot  for  one  28-day  month  equals  55.54  acre-feet. 
1  second-foot  for  one  29-day  month  equals  57.52  acre-feet. 
1  second-foot  for  one  30-day  month  equals  59.50  acre-feet. 
1  second-foot  for  one  31-day  month  equals  61.49  acre-feet. 
100  California  miner's  inches  equals  18.7  United  States  gallons  per  second. 
100  California  miner's  inches  equals  96.0  Colorado  miner's  inches. 
100  California  miner's  inches  for  one  day  equals  4.96  acre-feet. 
100  Colorado  miner's  inches  equals  2.60  second-feet. 
100  Colorado  miner's  inches  equals  19.5  United  States  gallons  per  second. 
100  Colorado  miner's  inches  equals  104  California  miner's  inches. 
100  Colorado  miner's  inches  for  one  day  equals  5.17  acre-feet. 
100  United  States  gallons  per  minute  equals  0.223  second-foot. 
100  United  States  gallons  per  minute  for  one  day  equals  0.442  acre-foot. 
1,000,000  United  States  gallons  per  day  equals  1.55  second-feet. 
1,000,000  United  States  gallons  equals  3.07  acre-feet. 
1,000,000  cubic  feet  equals  22.95  acre-feet. 
1  acre-foot  equals  325,850  gallons. 

1  inch  deep  on  1  square  mile  equals  2,323,200  cubic  feet. 
1  inch  deep  on  1  square  mile  equals  0.0737  second-foot  per  year. 
1  foot  equals  0.3048  meter. 
1  mile  equals  1.60935  kilometers. 
1  mile  equals  5,280  feet. 
1  acre  equals  0.4047  hectare. 
1  acre  equals  43,560  square  feet. 
1  acre  equals  209  feet  square,  nearly. 
1  square  mile  equals  2.59  square  kilometers. 
1  cubic  foot  equals  0.0283  cubic  meter. 
1  cubic  foot  equals  7.48  gallons. 
1  cubic  foot  of  water  weighs  62.5  pounds. 
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1  cubic  meter  per  minute  equals  0.5886  second-foot. 

1  horsepower  equals  560  foot-pounds  per  second. 

1  horsepower  equals  76.0  kilogram-meters  per  second. 

1  horsepower  equals  746  watts. 

1  horsepower  equals  1  second-foot  filing  8.80  feet. 

IJ  horsepower  equals  about  1  kilowatt. 

To  calculate  water  power  quickly:    ^^''  — ^  ^  =net  horsepower  on  water 

wheel  realizing  80  per  cent  of  theoretical  power. 

EXPLANATION    OF   TABLES. 

For  each  drainage  basin  there  is  given  a  brief  general  description 
covering  such  features  as  area,  source,  tributaries,  topography,  geol- 
ogy, forestation,  rainfall,  ice  conditions,  irrigation,  storage,  power 
possibilities,  and  other  special  features  of  importance  or  interest. 

For  each  regular  current-meter  gaging  station  are  given  in  gen- 
eral, and  so  far  as  available,  the  following  data:  Description  of  sta- 
tion, list  of  discharge  measurements,  table  of  daily  gage  heights, 
table  of  daily  discharges,  table  of  monthly  and  yearly  discharges,  and 
run-off.  For  stations  located  at  weirs  or  dams  the  gage-height 
table  is  omitted. 

In  addition  to  statements  regarding  the  location  and  installation 
of  current-meter  stations  the  descriptions  give  information  in  regard* 
to  any  conditions  which  may  affect  the  constancy  of  the  relation  of 
gage  height  to  discharge,  covering  such  points  as  ice,  logging,  shift- 
ing conditions  of  flow,  and  backwater;  also  information  regarding 
diversions  which  decrease  the  total  flow  at  the  measuring  section. 
Statements  are  also  made  regarding  the  accuracy  and  reliability  of 
the  data. 

The  discharge-measurement  table  gives  the  results  of  the  discharge 
measurements  made  during  the  year,  including  the  date,  name  of 
hydrographer,  width  and  area  of  cross  section,  gage  height,  and  dis- 
charge in  second-feet. 

The  table  of  daily  gage  height  gives  the  daily  fluctuations  of  the 
surface  of  the  river  as  found  from  the  mean  of  the  gage  readings 
taken  each  day.  At  most  stations  the  gage  is  read  in  the  morning 
and  in  the  evening.  The  gage  height  given  in  the  table  represents 
the  elevation  of  the  surface  of  the  water  above  the  zero  of  the  gage. 
All  gage  heights  during  ice  conditions,  backwater  from  obstructions, 
etc.,  are  published  as  recorded,  with  suitable  footnotes.  The  rating 
is  not  applicable  for  such  periods  unless  the  proper  correction  to  the 
gage  heights  is  known  and  applied.  Attention  is  called  to  the  fact 
that  the  zero  of  the  gage  is  placed  at  an  arbitrary  datum  and  has  no 
relation  to  zero  flow  or  the  bottom  of  the  river.  In  general,  the  zero 
is  located  somewhat  below  the  lowest  known  flow,  so  that  negative 
readings  shall  not  occur. 


Digitized  by 


Google 


16  SUBFACE   WATER  SUPPLY,   1909,   PART  IX. 

The  discharge  measurements  and  gage  heights  are  the  base  data 
from  which  rating  tables,  daily  discharge  tables,  and  monthly  dis- 
charge tables  are  computed. 

The  rating  table  gives,  either  directly  or  by  interpolation,  the  dis- 
charge in  second-feet  corresponding  to  every  stage  of  the  river  re- 
corded during  the  period  for  which  it  is  applicable.  It  is  not  published 
in  this  report,  but  can  be  determined  from  the  gage  heights  and 
discharges  for  the  purposes  of  verifying  the  published  results,  as 
follows : 

First  plot  the  discharge  measurements  for  the  current  and  earlier 
years  on  cross-section  paper  with  gage  heights  in  feet  as  ordinates 
and  discharges  in  second-feet  as  abscissas.  Then  tabulate  a  number 
of  gage  heights  taken  from  the  daily  gage-height  table  for  the 
complete  range  of  stage  given  and  the  corresponding  discharges  for 
the  days  selected  from  the  daily  discharge  table  and  plot  the  values 
on  cross-section  paper.  The  last  points  plotted  will  define  the  rating 
curve  used  and  will  lie  among  the  plotted  discharge  measurements. 
After  drawing  the  rating  curve,  a  table  can  be  developed  by  scaling 
oflf  the  dischai^e  in  second-feet  for  each  tenth  foot  of  gage  height. 
These  values  should  be  so  adjusted  that  the  first  differences  shall 
always  be  increasing  or  constant,  except  for  known  backwater 
conditions. 

The  table  of  daily  dischai^e  gives  the  discharges  in  second-feet 
corresponding  to  the  observed  gage  heights  as  determined  from  the 
rating  tables. 

In  the  table  of  monthly  discharge  the  column  headed  ''Maximum*' 
gives  the  mean  flow,  as  determined  from  the  rating  table,  for  the  day 
when  the  mean  gage  height  was  highest.  As  the  gage  height  is 
the  mean  for  the  day,  it  does  not  indicate  correctly  the  stage  when 
the  water  surface  was  at  crest  height  and  the  corresponding  discharge 
consequently  larger  than  given  in  the  maximum  column.  Likewise, 
in  the  colunm  of  * 'Minimum**  the  quantity  given  is  the  mean  flow 
for  the  day  when  the  mean  gage  height  was  lowest.  The  column 
headed  "Mean**  is  the  average  flow  in  cubic  feet  for  each  second  dur- 
ing the  month.  On  this  the  computations  for  the  remaining  colunms, 
which  are  defined  on  page  13,  are  based. 

FIELD   METHODS    OF   MEASURING   STREAM   FLOW. 

There  are  three  distinct  methods  of  determining  the  flow  of  open- 
channel  streams:  (1)  By  measurements  of  slope  and  cross  section  and 
the  use  of  Chezy's  and  Kutter's  formulas;  (2)  by  means  of  a  weir  or 
dam;  (3)  by  measurements  of  the  velocity  of  the  current  and  of 
the  area  of  the  cross  section.  The  method  chosen  depends  on  the 
local  physical  conditions,  the  degree  of  accuracy  desired,  the  funds 
available,  and  the  length  of  time  that  the  record  is  to  be  continued. 
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Slope  method. — Much  infonnatioii  has  been  collected  relative  to  the 
coefficients  to  be  used  in  the  Chezy  formula,  v=c^/R8,  This  has 
been  utilized  by  Kutter,  both  in  developing  his  formula  for  c  and  in 
determining  the  values  of  the  coefficient  n  which  appears  therein. 
The  results  obtained  by  the  slope  method  are  in  general  only  roughly 
approximate,  owing  to  the  difficulty  in  obtaining  accurate  data  and 
the  uncertainty  of  the  value  for  n  to  be  used  in  Kutter's  formula. 
The  most  conmion  use  of  this  method  is  in  estimating  the  flood  dis- 
charge  of  a  stream  when  the  only  data  available  are  the  cross  sec- 
tion, the  slope  as  shown  by  marks  along  the  bank,  and  a  knowledge 
of  the  general  conditions.  It  is  seldom  used  by  the  United  States 
Geological  Survey.^ 

Weir  method, — Relatively  few  stations  are  maintained  at  weirs  or 
dams  by  the  United  States  Geological  Survey..  Standard  types  of 
sharp-crested  and  broad-crested  weirs  within  the  limits  for  which 
accurate  coefficients  have  been  experimentally  obtained  give  very 
accurate  records  of  discharge  if  properly  maintained.  At  practically 
all  broad-crested  weirs,  however,  there  is  a  diversion  of  water  either 
through  or  around  the  dam,  usually  for  the  purpose  of  development 
of  water  power.  The  flow  is  often  complicated  and  the  records  are 
subject  to  errors  from  such  sources  as  leakage  through  the  dam, 
backwater  at  high  stages,  uncertainty  regarding  coefficient,  irregu- 
larity of  crest,  obstructions  from  logs  or  ice,  use  of  flashboards,  old 
turbines  with  imperfect  ratings,  and  many  others  depending  on  the 
type  of  development  and  the  uses  of  the  diverted  water. 

In  general  records  of  discharge  at  dams  are  usually  accurate 
enough  for  practical  use  if  no  others  are  available.  It  has  been  the 
general  experience  of  the  United  States  Geological  Survey,  however, 
that  records  at  current-meter  gaging  stations  under  unobstructed 
channel  conditions  are  more  accurate  than  those  collected  at  dams, 
and  where  the  conditions  are  reasonably  favorable  are  practically  as 
good  as  those  obtained  at  sharp-crested  weirs.^ 

Velocity  method, — Streams  in  general  present  throughout  their 
courses  to  a  greater  or  less  extent  all  conditions  of  permanent,  semi- 
permanent, and  varying  conditions  of  flow.  In  accordance  with  the 
location  of  the  measuring  section  with  respect  to  these  physical 
conditions,  current-meter  gaging  stations  may  in  general  be  divided 
into   four   classes — (1)   those  with  permanent  conditions  of   flow; 

1  Full  informatioQ  regarding  this  method  is  given  in  the  various  textbooks  on  hydraulics. 

s  The  determination  of  discliarge  over  the  different  types  of  weirs  and  dams  is  treated  fully  in  "  Weir 
experiments,  ooefflcients,  and  formulas"  (Water-Supply  Paper  200)  and  In  the  various  text-books  on 
hydraulics.  "Turbine  water-wheel  tests  and  power  tables''  (Water-Supply  Paper  180)  treats  of  the  dis 
charge  through  turbines  when  used  as  meters.  The  edition  of  the  latter  water-supply  paper  is  nearly 
exhausted.  It  can ,  however,  be  consulted  at  most  of  the  larger  libraries  of  the  country  or  it  can  be  obtained 
fh)m  the  superintendent  of  documents,  Washington,  D.  C,  at  a  cost  of  20  cents. 
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(2)  those  with  beds  which  change  only  during  extreme  high  water; 

(3)  those  with  beds  which  change  frequently,  but  which  do  not  cause 
a  variation  of  more  than  about  5  per  cent  of  the  discharge  curves 
from  year  to  year;  and  (4)  those  with  constantly  shifting  beds. 
In  determining  the  daily  flow  different  office  methods  are  necessary 
for  each  class.  The  field  data  on  which  tlie  determinations  are 
based  and  the  methods  of  collecting  them  are,  however,  in  general 
the  same. 

Great  care  is  taken  in  the  selection  and  equipment  of  gaging 
stations  for  determining  discharge  by  velocity  measurements,  in 
order  that  the  data  may  have  the  required  degree  of  accuracy. 
They  are  located,  as  far  as  possible,  at  such  points  that  the  relation 
between  gage  height  and  discharge  will  always  remain  constant 
for  any  given  stage.  The  experience  of  engineers  of  the  Geological 
Survey  has  been  that  permanency  of  conditions  of  flow  is  the  prime 
requisite  of  any  current-meter  gaging  station  when  maintained  for 
several  years  unless  funds  are  available  to  cover  all  changes  in  condi- 
tions of  flow.  A  straight,  smooth  section  without  cross  currents, 
backwater,  boils,  etc.,  at  any  stage  is  higlily  desirable,  but  on  most 
streams  is  not  attainable  except  at  the  cost  of  a  cable  equipment. 
Rough,  permanent  sections,  if  measurements  are  properly  made 
by  experienced  engineers,  taking  measuring  points  at  a  distance 
apart  of  5  per  cent  or  less  of  the  total  width,  ^iH,  within  reasonable 
limits,  yield  better  results  for  a  given  outlay  of  money  than  semi- 
permanent or  shifting  sections  with  smooth,  uniform  current.  So 
far  as  possible  stations  are  located  where  the  banks  are  high  and  not 
subject  to  overflow  at  high  stages  and  out  of  the  influence  of  tributary 
streams,  dams,  or  other  artificial  obstructions  which  might  affect  the 
relation  between  gage  height  and  discharge. 

A  gaging  station  consists  essentially  of  a  gage  for  determining 
the  daily  fluctuations  of  stage  of  the  river  and  some  structure  or 
apparatus  from  which  discharge  measurements  are  made,  usually  a 
bridge  or  cable. 

The  two  factors  required  to  determine  the  discharge  of  a  stream 
past  a  section  perpendicular  to  the  mean  direction  of  the  current 
are  the  area  of  the  cross  section  and  the  mean  velocity  of  flow  normal 
to  tnat  section. 

In  making  a  measurement  with  a  current  meter  a  number  of  points, 
called  measuring  points,  are  measured  off  above  and  in  tfie  plane 
of  the  measuring  section  at  which  observations  of  depth  and  velocity 
are  taken.  (See  PL  I,  A.)  These  points  are  spaced  equally  for 
those  parts  of  the  section  where  the  flow  is  untform  and  smooth 
and  are  spaced  unequally  for  other  parts,  according  to  the  discretion 
and  judgment  of  the  engineer.  In  general  the  points  should  not  be 
spaced  farther  apart  than  5  per  cent  of  the  channel  width,  nor  farther 
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apart  than  the  approxunate  mean  depth  of  the  section  at  the  time  of 
measurement. 

The  measuring  points  divide  the  total  cross  section  into  elementary 
strips  at  each  end  of  which  observations  of  depth  and  velocity  are 
made.  The  discharge  of  any  elementary  strip  is  the  product  of  the 
average  of  the  depths  at  the  two  ends  times  the  width  of  the  strip 
times  the  average  of  the  mean  velocities  at  the  two  ends  of  the  strip. 
The  sum  of  the  discharges  of  the  elementary  strips  is  the  total  dis- 
charge of  the  stream.^ 

Depths  for  the  determination  of  the  area  are  usually  obtained  by 
sounding  with  the  current  meter  and  cable.  In  rough  sections  or 
swift  currents  an  ordinary  weight  and  cable  are  used,  particular  care 
being  taken  that  all  observations  shall  be  in  the  plane  of  the  cross 
section. 

Two  methods  of  determining  the  velocity  of  flow  of  a  stream  are 
in  general  use — the  float  method  and  the  current-meter  method. 

The  float  method,  with  its  various  modifications  of  surface,  sub- 
surface, and  tube  or  rod  floats,  is  now  considered  obsolete  in  the  ordi- 
nary practice  of  the  United  States  Geological  Survey.  The  use  of 
this  method  is  limited  to  sp^ial  conditions  where  it  is  impracticable 
to  use  the  current  meter,  such  as  in  places  where  large  quantities  of 
ice  or  d6bris  which  may  damage  the  meter  are  flowing  with  the  cur- 
rent, and  for  miscellaneous  measurements"  or  other  work  where  a 
high  degree  of  accuracy  is  not  necessary.  Tube  floats  are  very  satis- 
factory for  use  in  canals  with  regular  bottoms  and  even  flow  of  cur- 
rent. Measurements  by  the  float  method  are  made  as  follows: 
The  velocity  of  flow  of  the  stream  is  obtained  by  observing  the  time 
which  it  takes  floats  set  free  at  different  points  across  the  stream 
to  pass  between  two  range  lines  about  200  feet  apart.  The  area 
used  is  the  mean  value  obtained  from  several  cross  sections  measured 
between  the  two  range  Hnes.  The  chief  disadvantages  of  this  method 
are  difficulty  in  obtaining  the  correct  value  of  mean  area  for  the 
course  used  and  uncertainty  regarding  the  proper  coefficient  to 
apply  to  the  observed  velocity.* 

The  Price  current  meter  is  now  used  almost  to  the  exclusion  of 
other  types  of  meters  by  the  United  States  Geological  Survey  in  the 
determination  of  the  velocity  of  flow  of  water  in  open  channels,  a 
use  for  which  it  is  adapted  under  practically  all  conditions.* 

Plate  II  shows  in  the  center  the  new  type  of  penta-recording  current 
meter  equipped  for  measurements  at  bridge  and  cable  stations;  on  the 
left  the  same  type  of  meter  is  shown  equipped  for  wading  meas- 

*  For  a  discussion  of  methods  of  computing  the  discharge  of  a  stream  see  Engineering  News,  June  25, 1906. 

*  Further  information  regarding  the  float  method  is  given  in  Water-Supply  Paper  95  and  the  various 
text-books  on  stream  flow. 

*  Sec  Ho3rt,  J.  C,  and  others,  Use  and  care  of  the  current  meter  as  practiced  by  the  TJ.  8.  Geological 
Airvey:  Ttaot.  Am.  8oc  Civil  Eng.,  voL  «,  1910,  p.  70. 
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urements,  to  record  by  the  acoustic  method;  on  the  right  the  meter 
is  shown  equipped  to  record  electrically.  (See  PI.  I,  B.)  Briefly, 
the  meter  consists  of  six  cups  attached  to  a  vertical  shaft  which 
revolves  on  a  conical  hardened  steel  point  when  inmiersed  in  mov- 
ing water.  The  revolutions  are  indicated  electrically.  The  rating, 
or  relation  between  the  velocity  of  moving  water  and  the  revolutions 
of  the  wheel,  is  determined  for  each  meter  by  drawing  it  through  still 
water  for  a  given  distance  at  different  speeds  and  noting  the  number 
of  revolutions  for  each  run.  From  these  data  a  rating  table  is  pre- 
pared which  gives  the  velocity  per  second  of  moving  water  for  any 
number  of  revolutions  in  a  given  time  interval.  The  ratio  of  revolu- 
tions per  second  to  velocity  of  flow  in  feet  per  second  is  very  nearly  a 
constant  for  all  speeds  and  is  approximately  0.45. 

Three  classes  of  methods  of  measuring  velocity  with  current  meters 
are  in  general  use — multiple-point,  single-point,  and  integration. 

The  two  principal  multiple-point  methods  in  general  use  are  the 
vertical  velocity  curve  and  0.2  and  0.8  depth. 

In  the  vertical  velocity  curve  method  a  series  of  velocity  determi- 
nations are  made  in  each  vertical  at  regular  intervals,  usually  abou^ 
10  to  20  per  cent  of  the  depth  apart.  By  plotting  these  velocities  as 
abscissas  and  their  depths  as  ordinates  and  drawing  a  smooth  curve 
among  the  resulting  points,  the  vertical  velocity  curve  is  developed. 
This  curve  shows  graphically  the  magnitude  and  changes  in  velocity 
from  the  surface  to  the  bottom  of  the  stream.  The  mean  velocity 
in  the  vertical  is  then  obtained  by  dividing  the  area  bounded  by 
this  velocity  curve  and  its  axis  by  the  depth.  This  method  of  obtain- 
ing the  mean  velocity  in  the  vertical  is  probably  the  best  known, 
but  on  account  of  the  length  of  time  required  to  make  a  complete 
measurement  its  use  is  largely  limited  to  the  determination  of  coef- 
ficients for  purposes  of  comparison  and  to  measurements  under  ice. 

In  the  second  multiple-point  method  the  meter  is  held  successively 
at  0.2  and  0.8  depth,  and  the  mean  of  the  velocities  at  these  two  points 
is  taken  as  the  mean  velocity  for  that  vertical.  (See  PI.  I,  A.)  On  the 
assumption  that  the  vertical  velocity  curve  is  a  common  parabola 
with  horizontal  axis,  the  mean  of  the  velocities  at  0.22  and  0.79  depth 
will  give  (closely)  the  mean  velocity  in  the  vertical.  Actual  observa- 
tions under  a  wide  range  of  conditions  show  that  this  multiple-point 
method  gives  the  mean  velocity  very  closely  for  open-water  condi- 
tions and  that  a  completed  measurement  seldom  varies  as  much 
as  1  per  cent  from  the  value  given  by  the  vertical  velocity  curve 
method.  Moreover,  the  indications  are  that  it  holds  nearly  as  well 
for  ice-covered  rivers.  It  is  very  extensively  used  in  the  regular 
practice  of  the  United  States  Geological  Survey. 

The  single-point  method  consists  in  holding  the  meter  either  at 
the  depth  of  the  thread  of  mean  velocity  or  at  an  arbitrary  depth 
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for  which  the  coefficient  for  reducing  to  mean  velocity  has  been 
determined  or  must  be  assumed. 

Extensive  experiments  by  means  of  vertical  velocity  curves  show 
that  the  thread  of  mean  velocity  generally  occurs  between  0.5  and 
0.7  total  depth.  In  general  practice  the  thread  of  mean  velocity  is 
considered  to  be  at  0.6  depth,  and  at  this  point  the  meter  is  held  in 
most  of  the  measurements  made  by  the  single-point  method.  A 
large  number  of  vertical  velocity  curve  measurements,  taken  on 
many  streams  and  under  varying  conditions,  show  that  the  average 
coefficient  for  reducing  the  velocity  obtained  at  0.6  depth  to  mean 
velocity  is  practically  unity.  The  variation  of  the  coefficient  from 
unity  in  individual  cases  is,  however,  greater  than  in  the  0.2  and 
0.8  method,  and  the  general  results  are  not  as  satisfactory. 

In  the  other  principal  single-point  method  the  meter  is  held  near 
the  surface,  usually  1  foot  below,  or  low  enough  to  be  out  of  the  effect 
of  the  wind  or  other  disturbing  influences.  This  is  known  as  the  sub- 
surface method.  The  coefficient  for  reducing  the  velocity  taken  at 
the  subsurface  to  the  mean  has  been  found  to  be  in  general  from 
about  0.85  to  0.95,  depending  on  the  stage,  velocity,  and  channel 
conditions.  The  higher  the  stage  the  larger  the  coefficient.  This 
method  is  especially  adapted  for  flood  measurements,  or  when  the 
velocity  is  so  great  that  the  meter  can  not  be  kept  in  the  correct 
position  for  the  other  methods. 

The  vertical  integration  method  consists  in  moving  the  meter  at  a 
slow,  uniform  speed  from  the  surface  to  the  bottom  and  back  again 
to  the  surface  and  noting  the  number  of  revolutions  and  the  time 
taken  in  the  operation.  This  method  has  the  advantage  that  the 
velocity,  at  each  point  of  the  vertical  is  measured  twice.  It  is  useful 
as  a  check  on  the  point  methods.  In  using  the  Price  meter  great 
care  should  be  taken  that  the  vertical  movement  of  the  meter  is  not 
rapid  enough  to  vitiate  the  accuracy  of  the  resulting  velocity. 

The  determination  of  the  flow  of  an  ice-covered  stream  is  difficult, 
owing  to  diversity  and  instabiUty  of  conditions  during  the  winter 
period  and  also  to  lack  of  definite  information  in  regard  to  the  laws  of 
flow  of  water  under  ice.  The  method  now  employed  is  to  make  fre- 
quent discharge  measurements  during  the  frozen  periods  by  the  0.2 
and  0.8  and  the  vertical  velocity  curve  methods,  and  to  keep  an 
accurate  record  of  the  conditions,  such  as  the  gage  height  to  the  sur- 
face of  the  water  as  it  rises  in  a  hole  cut  in  the  ice  and  the  thickness 
and  character  of  the  ice.  From  these  data  an  approximate  estimate 
of  the  daily  flow  can  be  made  by  constructing  a  rating  curve  (really 
a  series  of  curves)  similar  to  that  used  for  open  channels,  but  consid- 
ering, in  addition  to  gage  heights  and  discharge,  the  varying  thick- 
ness of  ice.^ 

>  For  information  In  regard  to  flow  under  toe  cover  see  Water-Supply  Paper  U.  S.  Geol.  Survey,  No.  187. 
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OFFICE    METHODS    OF    C50MPUTING    AND    STUDYING     DISCHABOE     AND 

RUN-OFF. 

At  the  end  of  each  year  the  field  or  base  data  for  current-meter 
gigging  stations,  consisting  of  daily  gage  heights,  discharge  measure- 
ments, and  full  notes,  are  assembled.  The  measmrements  are  plotted 
on  cross-section  paper  and  rating  curves  are  drawn  wherever  feasible. 
The  rating  tables  prepared  from  these  curves  are  then  applied  to 
the  tables  of  daily  gage  heights  to  obtain  the  daily  discharges,  and 
from  these  applications  the  tables  of  monthly  discharge  and  run-off 
are  computed. 

Rating  curves  are  drawn  and  studied  with  special  reference  to 
the  class  of  channel  conditions  which  they  represent.  (See  p.  17.) 
The  discharge  measurements  for  all  classes  of  stations  when  plotted 
with  gage  heights  in  feet  as  ordinates  and  discharges  in  second-feet 
as  abscissas  define  rating  curves  which  are  more  or  less  generally 
parabolic  in  form.  In  many  cases  curves  of  area  in  square  feet 
and  mean  velocity  in  feet  per  second  are  also  constructed  to  the 
same  scale  of  ordinates  as  the  discharge  curve.  These  are  used 
mainly  to  extend  the  discharge  curves  beyond  the  Hmits  of  the 
plotted  discharge  measurements,  and  for  checking  purposes  to  avoid 
errors  in  the  form  of  the  discharge  curve  and  to  determine  and  elimi- 
nate erroneous  measurements. 

For  every  rating  table  the  following  assumptions  are  made  for 
the  period  of  application  of  the  table:  (a)  That  the  discharge  is  a 
function  of  and  increases  gradually  with  the  stage;  (6)  that  the  dis- 
charge is  the  same  whenever  the  stream  is  at  a  given  stage,  and 
hence  such  changes  in  conditions  of  flow  as  may  have  occurred 
during  the  period  of  appUcation  are  either  compensating  or  negUgible, 
except  that  the  rating  is  not  applicable  for  known  conditions  of  ice, 
log  jams,  or  other  similar  obstructions;  (c)  that  the -increased  and 
decreased  discharge  due  to  change  of  slope  on  rising  and  f  aUing  stages 
is  either  negligible  or  compensating. 

As  already  stated,  the  gaging  stations  may  be  divided  into  several 
classes,  as  indicated  in  the  following  paragraphs: 

The  stations  of  class  1  represent  the  most  favorable  conditions  for 
an  accurate  rating  and  are  also  the  most  economical  to  maintain. 
The  bed  of  the  stream  is  usually  composed  of  rock  and  is  not  subject 
to  the  deposit  of  sediment  and  loose  material.  This  class  includes 
also  many  stations  located  in  a  pool  below  which  is  a  permanent 
rocky  riffle  that  controls  the  flow  like  a  weir.  Provided  the  control 
is  sufficiently  high  and  close  to  the  gage  to  prevent  cut  and  fill  at  the 
gaging  point  from  materially  affecting  the  slope  of  the  water  surface, 
the  gage  height  will  for  all  practical  purposes  be  a  true  index  of  the 
discharge.     Discharge  measurements  made  at  such  stations  usually 
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plot  within  2  or  3  per  cent  of  the  mean-discharge  curve,  and  the  rating 
developed  from  that  curve  represents  a  very  high  degree  of  accuracy. 
Stations  of  this  type  are  found  in  the  north  Atlantic  coast  drainage 
basins. 

Class  2  is  confined  mainly  to  stations  on  rough,  mountainous 
streams  with  steep  slopes.  The  beds  of  such  streams  are  as  a  rule 
comparatively  permanent  during  low  and  medium  stages  and  when 
the  flow  is  sufficiently  well  defined  by  an  adequate  number  of  discharge 
measurements  before  and  after  each  flood  the  stations  of  this  class 
give  nearly  as  good  results  as  those  of  class  1.  As  it  is  seldom  pos- 
sible to  make,  measurements  covering  the  time  of  chailge  at  flood 
stage,  the  assumption  is  often  made  that  the  curves  before  and  after 
the  flood  converged  to  a  common  point  at  the  highest  gage  height 
recorded  during  the  flood.  Hence  the  only  uncertain  period  occurs 
during  the  few  days  of  highest  gage  heights  covering  the  period 
of  actual  change  in  conditions  of  flow.  Stations  of  this  type  are 
found  in  the  upper  Missouri  River  basin. 

Class  3  includes  most  of  the  current-meter  gaging  stations  main- 
tained by  the  United  States  Geological  Survey.  If  suflBcient  meas- 
urements could  be  made  at  stations  of  this  class,  results  would  be 
obtained  nearly  equaling  those  of  class  1,  but  owing  to  the  limited 
funds  at  the  disposal  of  the  Survey  this  is  manifestly  impossible,  nor 
is  it  necessary  for  the  uses  to  which  discharge  data  are  applied.  The 
critical  points  are,  as  a  rule,  at  relatively  high  or  low  stages.  The 
percentage  error,  however,  is  greater  at  low  stages.  No  absolute  rule 
can  be  laid  down  for  stations  of  this  class.  Each  rating  curve  must 
be  constructed  mainly  on  the  basis  of  the  measurements  of  the  cur- 
rent year,  the  engineer  being  guided  largely  by  the  past  history  of  the 
station  and  the  following  general  law:  If  all  measurements  ever  made 
at  a  station  of  this  class  are  plotted  on  cross-section  paper  they  will 
define  a  mean  curve  which  may  be  called  a  standard  curve.  It  has 
been  found  in  practice  that  if  after  a  change  caused  by  high  stage  a 
relatively  constant  condition  of  flow  occurs  at  medium  and  low 
stages,  all  measurements  made  after  the  change  will  plot  on  a  smooth 
curve  which  is  practically  parallel  to  the  standard  curve  with  respect 
to  their  ordinates  or  gage  heights.  This  law  of  the  parallelism  of 
ratings  is  the  fundamental  basis  of  all  ratings  and  estimates  at  sta- 
tions with  semipermanent  and  shifting  channels.  It  is  not  absolutely 
correct  but,  with  few  exceptions,  answers  all  the  practical  require- 
ments of  estimates  made  at  low  and  medium  stages  after  a  change  at 
a  high  stage.  This  law  appears  to  hold  equally  true  whether  the 
change  occurs  at  the  measuring  section  or  at  some  controlling  point 
below.  The  change  is,  of  course,  fundamentally  due  to  change  in  the 
channel  caused  by  cut,  or  fill,  or  both,  at  or  near  the  measuring  section. 
For  all  except  small  streams  the  changes  in  section  usually  occur  at 
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the  bottom.  The  following  simple  but  typical  examples  illustrate 
this  law: 

(a)  If  0.5  foot  of  planking  were  to  be  nailed  on  the  bottom  of  a  well- 
rated  wooden  flume  of  rectangular  section  there  would  result,  other 
conditions  of  flow  being  equal,  new  curves  of  discharge,  area,  and 
velocity,  each  plotting  0.5  foot  above  the  original  curves  when 
referred  to  the  original  gage.  In  other  words,  this  condition  would 
be  analogous  to  a  uniform  fill  or  cut  in  a  river  channel  which  either 
reduces  or  increases  all  three  values  of  discharge,  area,  and  velocity 
for  any  gage  height.  In  practice,  however,  such  ideal  conditions 
rarely  exist. 

(6)  In  the  case  of  a  cut  or  fill  at  the  measuring  section  there  is  a 
marked  tendency  toward  decrease  or  increase,  respectively,  of  the 
velocity.  In  other  words,  the  velocity  has  a  compensating  effect  and 
if  the  compensation  is  exact  at  all  stages  the  discharge  at  a  given 
stage  will  be  the  same  under  both  the  new  and  the  old  conditions. 

(c)  In  the  case  of  uniform  change  along  the  crest  of  a  weir  or  rocky 
control,  the  area  curve  will  remain  the  same  as  before  the  change, 
and  it  can  be  shown  that  here  again  the  change  in  velocity  curve  is 
such  that  it  will  produce  a  new  discharge  curve  essentially  parallel 
to  the  original  discharge  curve  with  respect  to  their  ordinates. 

Of  course  in  actual  practice  such  simple  changes  of  section  jdo  not 
occur.  The  changes  are  complicated  and  lack  uniformity,  a  cut  at 
one  place  being  largely  offset  by  a  fill  at  another  and  vice  versa. 
If  these  changes  are  very  radical  and  involve  lai^e  percentages  of 
the  total  area — as,  for  example,  on  small  streams — there  may  result 
a  wide  departure  from  the  law  of  paralleUsm  of  ratings.  In  com- 
plicated changes  of  section  the  corresponding  changes  in  velocity 
which  tend  to  produce  a  new  parallel  discharge  curve  may  interfere 
with  each  other  materially,  causing  eddies,  boils,  backwater,  and 
radical  changes  in  slope.  In  such  extreme  conditions,  however,  the 
measuring  section  would  more  properly  fall  under  class  4  and  would 
require  very  frequent  measurements  of  discharge.  Special  stress  is 
laid  on  the  fact  that  in  the  lack  of  other  data  to  the  contrary  the 
utilization  of  this  law  will  yield  the  most  probable  results. 

Slight  changes  at  low  or  medium  stages  of  an  oscillating  character 
are  usually  averaged  by  a  mean  curve  drawn  among  them  parallel 
to  the  standard  curve,  and  if  the  individual  measurements  do  not 
vary  more  than  5  per  cent  from  the  rating  curve  the  results  are  con- 
sidered good  for  stations  of  this  class.  Stations  of  this  type  are  found 
in  the  south  Atlantic  coast  drainage  basins. 

Class  4  comprises  stations  that  have  soft,  muddy,  or  sandy  beds. 
Good  results  can  be  obtained  from  such  sections  only  by  frequent 
discharge  measurements,   the  frequency  varying  from  a  measure- 
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ment  every  two  or  three  weeks  to  a  measurement  every  day,  according 
to  the  rate  of  diurnal  change  in  conditions  of  flow. 

The  following  method  of  determining  the  daily  discharge  of  streams 
of  this  class  is  now  used  by  the  engineers  of  the  United  States  Geo- 
logical Survey  almost  exclusively,  owing  to  the  rapidity  with  which 
the  necessary  computations  can  be  made,  the  clearness  with  which 
all  changes  in  conditions  of  flow,  so  far  as  known,  can  be  followed 
and  the  accuracy  of  the  results  obtained. 

In  the  graphic  method  of  determining  the  daily  discharge  of 
streams  with  changeable  beds,  which  was  devised  by  R.  H.  Bolster, 
the  discharge  measurements  for  the  entire  year  are  first  plotted  with 
discharges  as  abscissas  and  gage  heights  as  ordinates.  The  points 
so  plotted  are  considered  chronologically  and,  even  though  scattered, 
will  usually  locate  one  or  more  fairly  well-defined  curves,  called 
standard  curves.  (See  PL  III.)  In  general,  the  number  and  posi- 
tion of  these  standard  curves  are  determined  by  the  radical  changes 
in  the  stream  bed  due  to  floods. 

When  stream  beds  change  very  rapidly  it  is  necessary  to  change 
the  position  of  the  rating  curve  each  day,  making  a  new  curve  daily. 
This  daily  curve  is  of  the  same  form  as  the  standard  curve  and  is 
parallel  to  it  with  respect  to  ordinates.  For  a  day  when  a  measure- 
ment is  made  the  rating  curve  passes  through  such  plotted  measure- 
ment, the  discharge  for  the  day  being  read  off  from  the  scale  of 
discharge  in  second-feet  at  the  point  of  intersection  of  the  curve  and 
the  mean  gage  height  for  the  day.  In  order  to  locate  the  rating 
curve  for  other  days,  curves  are  drawn  connecting  consecutive  meas- 
urements. They  are  called  correction  curves  and  should  have  the 
same  curvature  as  that  portion  of  the  standard  curve  wliich  lies 
vertically  above  or  below  them.  They  are  divided  into  as  many 
equal  parts  as  there  are  days  intervening  between  the  measurements, 
on  the  assumption  that  the  change  in  conditions  of  flow  between 
any  two  consecutive  measurements  is  uniform  from  day  to  day. 
The  daily  rating  curve  will  then  pass  tlirough  tliese  points  of  division, 
and  the  discharge  is  read  directly  from  these  curves  at  the  point  of 
intersection  with  the  observed  daily  gage  height. 

In  order  to  facilitate  the  use  of  tliis  method  and  obviate  the  draw- 
ing of  daily  rating  curves,  dividers  are  employed.  Care  is  exercised 
to  keep  both  points  in  the  same  vertical  line  of  discharge,  then  with 
one  point  of  the  dividers  coincident  with  the  standard  curve  the 
other  can  be  made  to  trace  any  daily  rating  curve  desired. 

In  applying  and  modifying  the  indirect  method  for  shifting  chan- 
nels as  above  outlined  judgment  must  be  used,  especially  for  long- 
time intervals  not  covered  by  discharge  measurements,  or  for  radical 
changes  in  the  stream  bed  caused  by  sudden  floods.     For  illustrative 
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examples  of  stations  of  this  type  see  Water-Supply  Papers  247,  249, 
and  267. 

The  computations  have,  as  a  rule,  been  carried  to  three  significant 
figures.  Computation  machines,  Crelle's  tables,  and  the  20-inch 
sUde  rule  have  been  generally  used.  All  computations  are  carefully 
checked. 

After  the  computations  have  been  completed  they  are  entered  in 
tables  and  carefully  studied  and  intercompared  to  eliminate  or 
accoimt  for  aU  gross  errors  so  far  as  possible.  Missing  periods  are 
filled  in,  so  far  as  feasible,  by  means  of  comparison  with  adjacent 
streams.  The  attempt  is  made  to  complete  years  or  periods  of  dis- 
charge, thus  eliminating  fragmentary  and  disjointed  records.  Full 
notes  accompanying  such  estimates  follow  the  daily  and  monthly, 
discharge  tables. 

For  most  of  the  northern  stations  estimates  have  been  made  of 
the  monthly  discharge  during  ice  periods.  These  are  based  on  meas- 
urements under  ice  conditions  wherever  available,  on  daily  records 
of  temperature  and  precipitation  obtained  from  the  United  States 
Weather  Bureau,  on  cUmate  and  crop  reports,  on  observers'  notes  of 
conditions,  and  on  a  careful  and  thorough  intercomparison  of  results 
with  adjacent  streams.  Although  every  care  possible  is  used  in  mak- 
ing these  estimates  they  are  often  very  rough,  the  data  for  some  of 
them  being  so  poor  that  the  estimates  are  liable  to  as  much  as  25  to 
60  per  cent  error.  It  is  believed,  however,  that  estimates  of  this  char- 
acter are  better  than  none  at  all,  and  serve  the  purpose  of  indicat- 
ing in  a  relative  way  the  proportionate  amount  of  flow  during  the  ice 
period.  These  estimates  are,  as  a  rule,  included  in  the  annual  dis- 
charge. The  large  error  of  the  individual  months  has  a  relatively 
small  effect  on  the  annual  total,  and  it  is  for  many  purposes  desir- 
able to  have  the  yearly  discharge  computed  even  though  some  error 
is  involved  in  doing  so. 

ACCURACY    AND    RELIABILITY    OF   FIELD   DATA    AND   COMPARATIVE 

RESULTS. 

Practically  all  discharge  measurements  made  under  fair  conditions 
are  well  within  5  per  cent  of  the  true  discharge  at  the  time  of  obser- 
vation. Inasmuch  as  the  errors  of  meter  measurements  are  largely 
compensating,  the  mean  rating  curve,  when  well  defined,  is  much 
more  accurate  than  the  individual  measurements.  Numerous  tests 
and  experiments  have  been  made  to  test  the  accuracy  of  current- 
meter  work.  These  show  that  it  compares  very  favorably  with  the 
results  from  standard  weirs,  and,  owing  to  simplicity  of  methods, 
usually  gives  results  that  are  much  more  reUable  than  those  from 
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stations  at  dams,  where  uncertainty  regarding  the  coefficient  and 
complicated  conditions  of  flow  prevail. 

The  work  is,  of  course,  dependent  on  the  reliability  of  the  observers. 
With  relatively  few  exceptions,  the  observers  perform  their  work 
honestly.  Care  is  taken,  however,  to  watch  them  closely  and  to 
inquire  into  any  discrepancies.  It  is,  of  course,  obvious  that  one 
gage  reading  a  day  does  not  always  give  the  mean  height  for  that 
day.  As  an  almost  invariable  rule,  however,  errors  from  this  source 
are  compensating  and  virtually  negligible  in  a  period  of  one  month, 
although  a  single  day's  reading  may,  when  taken  by  itself,  be  con- 
siderably in  error. 

The  effort  is  made  to  visit  every  station  at  least  once  each  year  for 
the  purpose  of  making  a  measurement  to  determine  the  constancy  of 
conditions  of  flow  since  the  last  measurement  made  during  the  pre- 
ceding year,  and  also  to  check  the  elevation  of  the  gage.  On  accoimt 
of  lack  of  funds  or  for  other  causes,  some  stations  were  not  visited 
during  the  current  year.  If  conditions  of  flow  have  been  reasonably 
permanent  up  to  the  time  of  the  last  preceding  measurement,  it  is 
considered  best  to  publish  values  of  discharge  on  the  basis  of  the 
latest  verified  rating  curve  rather  than  to  omit  them  altogether, 
although  it  should  be  distinctly  understood  that  such  records  are  at 
times  subject  to  considerable  error.  This  is  also  true,  although  to  a 
less  d^ree,  of  the  period  of  records  since  the  date  of  the  last  measure- 
ment of  the  current  year.  As  a  rule  the  accuracy  notes  are  based  on 
the  assumption  that  the  rating  curve  used  is  strictly  appUcable  to  the 
current  year. 

In  order  to  give  engineers  and  others  information  regarding  the 
probable  accuracy  of  the  computed  results,  footnotes  are  added  to  the 
daily  discharge  tables,  stating  the  probable  accuracy  of  the  rating 
tables  used,  and  an  accuracy  colunm  is  inserted  in  the  monthly  dis- 
charge table.  For  the  rating  tables  ''well  defined ''  indicates  in  gen- 
eral that  the  rating  is  probably  accurate  within  5  per  cent;  ''fairly 
well  defined,''  within  10  per  cent;  "poorly  defined''  or  "approxi- 
mate," within  15  to  25  per  cent.  These  notes  are  very  general  and 
are  based  on  the  plotting  of  the  individual  measurements  with  refer- 
ence to  the  mean  rating  curve. 

The  accuracy  colunm  in  the  monthly  dischai^e  table  does  not  apply 
to  the  maximum  or  minimum  nor  to  any  individual  day,  but  to  the 
monthly  mean.  It  is  based  on  the  accuracy  of  the  rating,  the  prob- 
able reUabiUty  of  the  observer,  and  knowledge  of  local  conditions.  In 
this  column,  A  indicates  that  the  mean  monthly  flow  is  probably 
accurate  within  5  per  cent;  B,  within  10  per  cent;  C,  within  15  per 
cent;  D,  within  25  per  cent.  Special  conditions  are  covered  by  foot- 
notes. 
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USE   OF  THE   DATA. 

In  general  the  policy  is  followed  of  making  available  for  the  public 
the  base  data  which  are  collected  in  the  field  each  year  by  the  survey 
engineers.  This  is  done  to  comply  with  the  law,  but  also  for  tlie 
express  purpose  of  giving  to  any  engineer  the  opportimity  of  examin- 
ing the  computed  results  and  of  changing  and  adjusting  them  as  may 
seem  best  to  him.  Although  it  is  beUeved  that  the  rating  tables  and 
computed  monthly  discharges  are  as  good  as  the  base  data  up  to  and 
including  the  current  year  will  warrant,  it  should  always  be  borne 
in  mind  that  the  additional  data  collected  at  each  station  from  year 
to  year  nearly  always  throw  new  light  on  data  already  collected  and 
pubUshed,  and  hence  allow  more  or  less  improvement  in  the  com- 
puted results  of  earlier  years.  It  is  therefore  expected  that  the 
engineer  who  makes  serious  use  of  the  data  given  in  these  papers  will 
verify  all  ratings  and  make  such  adjustments  in  earlier  years  as  may 
seem  necessary.  The  work  of  compiling,  studying,  revising,  and 
repubUshing  data  for  different  drainage  basins  for  5  or  10  year 
periods  or  more  is  carried  on  by  the  United  States  Geological  Survey 
so  far  as  the  funds  for  such  work  are  available. 

The  values  in  the  stable  of  monthly  discharge  are  so  arranged  as  to 
give  only  a  general  idea  of  the  conditions  of  flow  at  the  station,  and  it 
is  not  expected  that  they  will  be  used  for  other  than  preliminary 
estimates.  The  daily  discharges  are  pubUshed  to  allow  a  more 
detailed  stttdy  of  the  variation  in  flow  and  to  determine  the  periods 
of  deficient  flow. 

COOPERATIVE   DATA. 

Cooperative  data  of  various  kinds  and  also  data  regarding  the 
run-off  at  many  stations  maintained  wholly  by  private  funds  are 
incorporated  in  the  surface  water-supply  reports  of  the  United  States 
Geological  Survey. 

Many  stations  throughout  the  country  are  maintained  for  specific 
purposes  by  private  parties  who  supply  the  records  gratuitously  to 
the  United  States  Geological  Survey  for  pubUcation.  When  such 
records  are  supplied  by  responsible  parties  and  appear  to  be  reason- 
ably accurate  they  are  verified,  so  far  as  possible,  and  estimated 
values  of  accuracy  are  given.  Records  clearly  known  to  be  worthless 
or  misleading  are  not  published.  As  it  is,  however,  impossible  to 
completely  verify  all  such  records  furnished — because  of  lack  of  funds 
or  for  other  causes — they  are  published  for  what  they  are  worth,  as 
they  are  of  value  as  a  matter  of  record  and  afford  at  least  approxi- 
mate information  regarding  stream  flow  at  the  particular  localities. 
The  Survey  does  not,  however,  assume  any  responsibility  for  inac- 
curacies found  in  such  records,  although  most  of  them  are  beUeved 
to  be  reasonably  good. 
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COOPERATION   AND   ACKNOWLEDGMENTS. 

Si>ecial  acknowledgments  are  due  for  cooperative  assistance  as 
follows: 

The  Uinta  irrigation  survey  of  the  United  States  Indian  Office 
paid  the  salary  and  expenses  of  a  hydrographer,  amounting  to  about 
$2,000,  for  the  stations  in  the  Uinta  Reservation,  Utah,  and  that 
vicinity. 

The  Central  Colorado  Power  Co.  paid  the  salary  and  expenses  of  a 
hydrographer  on  cooperative  work  in  the  Grand  River  drainage 
basin  for  several  months  during  1909  and  has  otherwise  materially 
assisted  in  the  work. 

The  United  States  Reclamation  Service  has  furnished  all  the  field 
data  for  the  stations  in  the  Gunnison  drainage  basin  in  Colorado, 
has  paid  the  expense  of  maintaining  the  station  on  the  Grand  at 
Palisades,  Colo.,  and  has  paid  the  expense  of  all  hydrometric  work 
in  the  vicinity  of  the  Strawberry  Valley  in  the  Duchesne  River 
drainage  basin. 

Tlie  Territorial  engineer  of  New  Mexico,  Mr.  Vernon  L.  Sullivan, 
cooperated  in  the  maintenance  of  all  stations  in  the  Colorado  River 
basin  in  New  Mexico  from  the  sum  of  $2,500  set  aside  annually  for 
this  work  in  the  Territory  by  the  Territorial  legislature,  the  $1,000 
allotted  by  the  Atchison,  Topeka  &  Santa  Fe  Railway  Co.  for  the 
work  in  New  Mexico,  and  from  other  funds  pertaining  to  his  office. 

The  State  engineer  of  Colorado,  Mr.  Charles  W.  Comstock,  has 
assisted  materially  in  carrying  on  the  work  in  this  drainage  basin. 

Under  the  provisions  of  a  formal  contract  between  the  Director  of 
the  United  States  Geological  Survey  and  the  State  engineer  of  Utah, 
dated  July  1,  1909,  the  sum  of  $2,000  was  to  be  expended  by  each 
party  for  hydrometric  work  in  the  State  of  Utah  during  the  fiscal 
year  immediately  following.  The  expenditure  of  this  money  was  so 
divided  as  to  cover  the  salary  and  expenses  of  hydrographers,  the 
pay  of  gage  readers,  the  cost  of  construction,  and  the  cost  of  pre- 
paring the  data  in  the  manner  most  suitable  to  expedite  the  work. 

The  State  engineer  of  Utah,  Mr.  Caleb  Tanner,  paid  the  salaries  of 
the  observers  at  five  stations  in  the  Duchesne  River  drainage  in  co- 
operation with  the  United  States  Indian  Office  and  the  United 
States  Geological  Survey. 

Mr.  Thomas  Lyoi6,  of  Gila,  N.  Mex.,  paid  the  expenses  of  a  hydrog- 
rapher and  the  salary  of  the  gage  observer  at  the  station  on  Gila 
River  at  Red  Rock  and  has  otherwise  contributed  to  the  work. 

Mr.  R.  E.  Vickery,  of  Grand  Jimction,  Colo.,  has  borne  the  larger 
part  of  the  expense  of  maintaining  the  stations  on  West  Divide  and 
West  Mamm  creeks. 
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Assistance  was  rendered  or  records  furnished  by  the  United  States 
Weather  Bureau,  the  Denver  Reservoir  &  Irrigation  Co.,  the  Den- 
ver Union  Water  Co.,  Prof.  George  J.  Lyon,  Mr.  G.  H.  Matthes,  Mr. 
E.  C.  Jansen,  Mr.  Stanley  Krajicek,  Mr.  Jay  Turley,  Mr.  M.  C.  Hin- 
derlider,  Mr.  G.  W.  Vallery,  Mr.  H.  F.  Robinson,  Mr.  R.  M.  Jones,  and 
others. 

DIVISION   OF   WORK. 

The  field  data  in  the  Grand  Rivef  drainage  basin  were  collected 
under  the  direction  of  W.  B.  Freeman,  district  engineer,  by  J.  B. 
Stewart,  G.  H.  Russell,  C.  L.  Chatfield,  W.  H.  Snelson,  the  last 
two  of  whom  are  engineers  of  the  Central  Colorado  Power  Co.  and 
the  United  States  Reclamation  Service,  respectively. 

The  field  data  in  the  Duchesne  River  drainage  basin  in  the  Uinta 
Indian  Reservation  were  collected  imder  the  direction  of  W.  B. 
Freeman,  district  engineer,  by  R.  H.  Fletcher,  who  was  imder  the 
more  immediate  supervision  of  H.  C.  Means,  superintendent  of  irri- 
gation. United  States  Indian  Ofl5ce. 

All  field  data  for  the  State  of  Utah,  except  in  the  Uinta  Indian 
Reservation,  were  collected  imder  the  direction  of  E.  C.  LaRue, 
district  engineer,  by  E.  A.  Porter. 

The  field  data  for  the  San  Juan  and  Gila  River  drainage  basins  in 
New  Mexico  were  collected  under  the. general  direction  of  W.  B. 
Freeman,  district  engineer,  by  J.  B.  Stewart,  but  under  the  more 
immediate  supervision  of  Vernon  L.  Sullivan,  Territorial  engineer, 
assisted  by  C.  D.  Miller. 

The  field  data  for  all  stations  in  Arizona,  together  with  the  estimates 
of  discharge,  except  those  for  Little  Colorado  River  at  St.  Johns,  Ariz., 
have  been  furnished  by  the  United  States  Reclamation  Service. 

The  field  data  for  stations  in  California  have  been  collected  under 
the  direction  of  W.  B.  Clapp,  district  engineer  for  California,  by  W.  V. 
Hardy,  H.  A.  Jones,  W.  F.  Martin,  and  A.  H.  Iloebig,  jr. 

The  ratings,  special  estimates,  and  studies  of  the  completed  data 
were  made  by  W.  B.  Freeman,  R.  H.  Bolster,  and  E.  S.  Fuller.  The 
computations  were  made  and  the  completed  data  prepared  for  pub- 
lication under  the  direction  of  R.  H.  Bolster,  assistant  engineer,  by 
R.  C.  Rice,  J.  G.  Mathers,  H.  D.  Padgett,  M.  E.  McChristie,  J.  J. 
Phelan,  H.  J.  Jackson,  J.  B.  Stewart,  L.  T.  King,  and  M.  I.  Walters. 
The  report  has  been  edited  by  Mrs.  B.  D.  Wood. 

GAGING    STATIONS    IN    COLORADO    RIVER   BASIN. 

The  following  is  a  list  of  gaging  stations  maintained  in  Colorado 
River  basin  by  the  United  States  Geological  Survey  and  cooperative 
parties.  The  stations  are  arranged  by  river  basins,  in  downstream 
order,  as  explained  on  page  13,  tributaries  being  indicated  by  inden- 
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tion.     Data  for  these  stations  have  been  published  in  the  reports 
listed  in  tables  on  page  11. 

Green  River  (head  of  Colorado)  at  Green  River,  Wyo.,  1895-1906. 
Green  River  at  Jensen,  Utah,  1903-1906. 
Green  River  at  Ouray,  Utah,  1904-5. 
Green  River  at  Greenriver,  Utah,  1894-1899  and  1905-1909. 
Colorado  River  at  Hardy ville,  Aria.,  1905-1907. 
Colorado  River  at  Mohave  City,  Arie.,  1902-3. 
Colorado  River  at  Yuma,  Ariz.,  1895-1909. 
Salton  Sea  near  Salton,  Cal.,  1904-1909. 

Alamo  River  near  Brawley,  Cal.,  1908-9. 
New  River  near  Brawley,  Cal.,  1908-9. 
Green  River: 

Newfork  River  at  Cora,  Wyo.,  1905. 

Pine  Creek  at  Pinedale,  Wyo.,  1904-1906. 
Pole  Creek  at  Fayette,  Wyo.,  1904-1906. 
Fall  Creek  at  Fayette,  Wyo.,  1904-5. 
Boulder  Creek  at  Boulder  (Newfork),  Wyo.,  1904-1906. 
Eafltfork  River  at  Newfork,  Wyo.,  1905-6. 
Green  River  (Black  Fork)  at  Granger,  Wyo.,  1896^1900. 
Yampa  River  at  Steamboat  Springs,  Colo.,  1904-1906. 
Yampa  River  at  Craig,  Colo.,  1901-2,  1904-1906. 
Yampa  River  at  Maybell,  Colo.,  1904-5. 

Elk  River  at  Trull,  Colo.,  1904-1906.  • 

Elk  Head  Creek  at  Craig,  Colo.,  1906. 
Fortification  Creek  at  Craig,  Colo.,  1905-6. 
Williams  River  at  Hamilton,  Colo.,  1904-1906. 
Milk  Creek  at  Axial,  Colo.,  1904-5. 
Little  Snake  River  at  Maybell,  Colo.,  1904. 
Ashley  Creek  at  Vernal,  Utah,  1900-1904. 

Ashley  Creek  (Dry  Fork)  at  Vernal,  Utah.,  1904. 
White  River. (North  Fork)  at  Buford,  Colo.,  1903-1906. 
White  River  at  Meeker,  Colo.,  1901-1906. 
White  River  at  White  River  City.  Colo.,  1895. 
White  River  at  Rangely,  Colo.,  1904-5. 
White  River  at  Dragon,  Utah,  1906. 
White  River  at  Ouray,  Utah,  1904. 

Marvine  Creek  near  Baiford,  Colo.,  1903-1906. 
White  River  (South  Fork)  near  Buford,  Colo.,  1903-1906. 
Duchesne  River  (North  Fork)  above  Forks,  Utah,  1904. 
Duchesne  River  at  Myton,  Utah,  1899-1909. 

Duchesne  River  (West  Fork)  above  Forks,  Utah,  1904. 

Rock  Creek  (East  Creek)  10  miles  above  mouth,  Utah,  1904. 

Strawberry  River,  above  mouth  of  Indian  Creek,  in  Strawberry  Valley,  Utah, 

1909. 
Strawberry  River,  below  mouth  of  Indian  Creek,  in  Strawberry  Valley, 

Utah,  1903-1906  and  190^-9. 
Strawberry  River  at  Theodore,  Utah,  1908-9. 

Indian  Creek  in  Strawberry  Valley,  Utah,  1905-6  and  1909. 

Trail  Hollow  Creek  in  Strawberry  Valley,  Utah,  1909. 
Currant  Creek,  13  miles  above  mouth,  Utah,  1904. 
Currant  Creek,  3  miles  abovB  mouth,  Utah,  1904. 
Red  Creek  above  Narrows,  Utah,  1904. 
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Green  River — Continued. 

Duchesne  River  at  Myton,  Utah— Continued. 

Lake  Fork  (West  Fork),  10  miles  above  Forks,  Utah,  1904. 
Lake  Fork  below  Forks,  Utah,  1904,  1907-1909. 
Lake  Fork  near  Myton,  Utah,  1900-1904,  1907-1909. 

Lake  Fork  (East  Fork),  8  miles  above  Forks,  Utah,  1904. 
Unita  River  near  Whiterocks,  Utah,  1899-1904,  1907-1909. 
Uinta  River  at  Fork  Duchesne,  Utah,  1899-1904,  1906-1909. 
Uinta  River  at  Ouray  School,  Utah,  1899-1904. 

\VTiiterock8  River  near  \VTiiterocks,  Utah,  1899-1904,  1907-1909. 
Price  River  near  Helper,  Utah,  1904-1909. 
San  Rafael  River  near  Greenriver,  Utah,  1909. 

Cottonwood  Creek  near  Orangeville,  Utah,  1909. 

Ferron  Creek  near  Ferron,  Utah,  1909. 
Huntington  Creek  near  Huntington,  Utah,  1909. 
Grand  River  (North  Fork)  near  Grand  Lake,  Colo.,  1904-1909. 
Grand  River  near  Granby,  Colo.,  1908-9. 
Grand  River  at  Sulphur  Springs,  Colo.,  1904-1909. 
Grand  River  near  Kremmling,  Colo.,  1904-1909. 
Grand  River  near  Wolcott,  Colo.,  1906-1908. 
Grand  River  at  Shoshone,  Colo.,  1897. 
Grand  River  at  Glenwood  Springs,  Colo.,  1899-1909. 
Grand  River  near  Palisades,  Colo.,  1902-1909. 
Grand  River  near  Grand  Junction,  Colo.,  1895-1900. 

North  Inlet  to  Grand  Lake  at  Grand  Lake,  Colo.,  1905-1909. 
Grand  Lake  Outlet  at  Grand  Lake,  Colo.,  1904-1909. 
Grand  River  (South  Fork)  near  Lehman,  Colo.,  1907-8. 
Fraser  River  at  Granby  (Coulter),  Colo.,  1904-1909. 
Fraser  River  at  upper  station  near  Frasei,  Colo.,  1908-9. 
Fraser  River  at  lower  station  near  Fraser,  Colo.,  1907-1909. 
Big  Jim  Creek  near  Fraser,  Colo.,  1907-1909. 

Little  Jim  Creek  near  Fraaer,  Colo.,  1907-1909. 
Vasquez  Creek  at  upper  station  near  Fraser,  Colo.,  1908-9. 
Vasquez  Creek  at  lower  station  near  Fraser,  Colo.,  1907-1909. 
Elk  Creek  near  Fraser,  Colo.,  1907-1909. 
St.  Louis  Creek  at  upper  station  near  Fraser,  Colo.,  1908-9. 
St.  Louis  Creek  at  lower  station  near  Fraser,  Colo.,  1908-9. 
North  Ranch  Creek  at  upper  station  near  Rollins  Pass,  Colo.,  1908-9. 
North  Ranch  Creek  at  lower  station  near  Rollins  Pass,  Colo.,  1907-1909, 
Middle  Ranch  Creek  at  upper  station  near  Arrow,  Colo.,  1908-9. 
Middle  Ranch  Creek  at  lower  station  near  Arrow,  Colo.,  1907-1909. 
South  Ranch  Creek  at  upper  station  near  Arrow,  Colo.,  1908-9. 
South  Ranch  Creek  at  lower  station  near  Arrow,  Colo.,  1907- 
1909. 
Williams  Fork  near  Sulphur  Springs,  Colo.,  1904-1909. 
Troublesome  River  at.  Troublesome,  Colo.,  1904-5. 
Muddy  River  at  Kremmling,  Colo.,  1904-5. 
Blue  River  near  Kremmling,  Colo.,  1904-1908. 
Tenmile  Creek  near  Kokomo,  Colo.,  1904. 
Tenmile  Creek  near  Uneva  Lake,  Colo.,  1903. 
Eagle  River  near  Eagle,  Colo.,  1905-1907, 
Eagle  River  at  Gypsum,  Colo.,  1907-1909. 
Roaring  Fork  near  Emma,  Colo.,  1908-9. 
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Green  River — Continued. 

Grand  River  near  Grand  Junction,  Colo. — Continued. 
Roaring  Fork  at  Glenwood  Springs,  Colo.,  1906-1909. 
.     Frying  Pan  River  at  Basalt,  Colo.,  190g-9. 

Crystal  River  near  Carbondale  (Sewell),  Colo.,  190a-9. 
West  Divide  Creek  at  Hoetu tier's  ranch,  near  Raven,  Colo.,  1909. 
West  Divide  Creek  near  Raven,  Colo.,  1909. 
West  Mamm  Creek  near  Rifle,  Colo.,  1909. 
Gunnison  River  near  lola,  Colo.,  1900-1903. 
Gunnison  River  near  Cimarron,  Colo.,  190^1905. 
Gunnison  River  at  River  Portal  (east  portal  of  Gunnison  Tunnel),  Colo., 

1905-1909. 
Gunnison  River  near  Cory,  Colo.,  1903-1905. 
Gunnison  River  at  Roubideau,  Colo.,  1897. 
Gunnison  River  at  Whitewater,  Colo.,  1897,  1901-1906. 
Gunnison  River  near  Grand  Junction,  Colo.,  1895,  1897-1899. 
Taylor  River  near  Almont,  Colo.,  1905. 
East  River  at  Almont,  Colo.,  1905. 
Cimarron  Creek  at  Cimarron,  Colo.,  1903-1905. 
Gunnison  River  (North  Fork)  near  Hotchkiss,  Colo.,  1903-1906. 
Uncompahgre  River  near  Colona,  Colo.,  1903-1906. 
Uncompahgre  River  near  Ouray,  Colo.,  1908.  * 

Uncompahgre  River  at  Fort  Crawford,  Colo.,  1895-1899,  1908. 
Uncompahgre  River  at  Montrose,  Colo.,  1900,  1903-1909. 
Uncompahgre  River  at  Delta,  Colo.,  1903-1909. 
Dolores  River  near  Dolores,  Colo.,  1895-1903. 

San  Miguel  River  near  Fall  Creek,  Colo.,  189&-1899. 
Colorado  River: 

Fremont  River  near  Thurber,  Utah,  1909. 

Muddy  Creek  near  Emery,  Utah,  1909. 
Escalanto  Creek  near  Escalante,  Utah,  1909. 
San  Juan  River  near  Arboles,  Colo.,  1895-1899. 
San  Juan  River  at  Turley,  N.  Mex.,  1907-8. 
San  Juan  River  at  Blanco,  N.  Mex.,  1908-9. 
San  Juan  River  near  Bloomfield,  N.  Mex.,  1909. 
San  Juan  River  near  Farmington,  N.  Mex.,  1904-1906. 
Piedra  River  near  Arboles,  Colo.,  1895-1899. 
Los  Pinos  River  at  Ignacio,  Colo.,  1899-1903. 
Animas  River  at  Silverton,  Colo.,  1903. 
Animas  River  at  Durango,  Colo.,  1895-1905. 
Animas  River  at  Aztec,  N.  Mex.,  1904,  1907-1909. 
Animas  River  near  Farmington,  N.  Mex.,  1904-5. 

Florida  River  near  Durango,  Colo.,  1899,  1901-1903. 
La  Plata  River  at  Hesperus,  Colo.,  1904-1906. 
La  Plata  River  at  La  Plata,  N,  Mex.,  1905-1909. 
Mancos  River  at  Mancos,  Colo.,  1898-1900. 
Little  Colorado  at  St.  Johns,  Ariz.,  1906-1909. 
Little  Colorado  at  Woodruff,  Ariz.,  1905-1908. 
Little  Colorado  at  Holbrook,  Ariz.,  1905-1909. 
Silver  Creek  at  Snowflake,  Ariz.,  1906-1908. 
Silver  Creek  at  Canyon  Station,  Ariz.,  1906. 
Woodruff  ditch  at  Woodruff,  Ariz.,  1906, 
95620°— wsp  269—11 3 
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Oolorado  River — Continued. 

Little  Colorado  at  Holbrook,  Ariz. — Continued. 

Chevelon  Fork  near  Winslow,  Ariz.,  1906-1908. 

Clear  Creek  near  Winslow,  Ariz.,  1906-1909. 
Virgin  River  at  Virgin,  Utah,  1909. 

Santa  Clara  River  near  Central,  Utah,  1909. 

Santa  Clara  River  near  St.  George,  Utah,  1909. 

Muddy  River  near  Moapa,  Nov.,  1904-1906,  And  1909. 
Gila  River  near  Cliff,  N.  Mex.,  1904-1907. 
Gila  River  near  Redrock,  N.  Mex.,  1908-9. 
Gila  River  at  San  Carlos,  Ariz.,  1899-1905. 
Gila  River  near  Buttes,  Ariz.,  1889-1890,  and  1895-1899. 
Gila  River  at  Dome  (Gila  City),  Ariz.,  1903-1906. 

San  Francisco  River  at  Alma,  N.  Mex.,  1904-1907,  and  1909. 

San  Pedro  River  at  Charleston,  Ariz.,  1904-1906. 

San  Pedro  River  near  DudleyviUe,  Ariz.,  1890. 

Santa  Cruz  River  near  Nogales,  Ariz.,  1907-1909. 

Santa  Cruz  River  and  ditches  at  Tucson,  Ariz.,  1905-1909. 
Queens  Creek  at  Whitlow's,  Ariz.,  1896. 

Salt  River  at  Roosevelt,  Ariz.,  1901-1907. 

Salt  River  below  mouth  of  Cherry  Creek,  near  Roosevelt,  Ariz.,  1906. 

Salt  River  50  miles  above  Phoenix,  Ariz.,  1890. 

Salt  River  at  Arizona  dam,  Ariz.,  1888-1891. 

Salt  River  at  McDowell,  Ariz.,  1888-1909. 

Tonto  Creek  at  Roosevelt,  Ariz.,  1901-1904. 
Verde  River  at  McDowell,  Ariz.,  1888-1909. 
Canal  stations  in  Colorado  River  Basin: 

Imperial  Canal  (main)  near  Calexico,  Cal.,  1904-5. 

Boundary  Canal  near  Calexico,  Cal.,  1905. 

Wisteria  Canal  near  Calexico,  Cal.,  1905. 

Imperial  Canal  10  miles  below  Yuma,  Ariz.,  Mexican  boundary  line,  1903-1905. 

Holt  Canal  at  Calexico,  Cal.,  1904-5. 

Hemlock  Canal  at  Calexico,  Cal.,  1904-5. 

Alamo  Channel  near  Calexico,  Cal.,  1904. 

Alamitos  Canal  near  Calexico,  Cal.,  1904-5. 

GENERAL   FEATURES  OF  COIiORADO  RIVER  BASIN. 

Colorado  River  is  formed  in  the  southeastern  part  of  Utah  by  the 
junction  of  Grand  and  Green  rivers.  The  Green  is  larger  than  the 
Grand  and  is  the  upward  continuation  of  the  Colorado.  Including 
the  Green,  the  Colorado  is  about  2,000  miles  long.  The  region  drained 
is  about  800  miles  long,  ranges  in  width  from  300  to  500  miles,  and 
contains  about  300,000  square  miles.  It  comprises  the  southwestern 
part  of  Wyoming,  the  western  part  of  Colorado,  the  eastern  half  of 
Utah,  practically  all  of  Arizona,  and  small  portions  of  California, 
Nevada,  New  Mexico,  and  old  Mexico.  Most  of  this  area  is  arid, 
the  mean  annual. rainfall  being  about  8i  inches.  The  streams  receive 
their  supply  from  the  melting  snows  on  the  high  mountains  of 
Wyoming,  Utah,  and  Colorado. 
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The  basin  comprises  two  district  portions.  The  lower  third  is  but 
little  above  the  level  of  the  sea,  though  here  and  there  ranges  of  moun- 
tains rise  to  elevations  of  2,000  to  6,000  feet.  This  part  of  the  valley 
is  bounded  on  the  north  bv  a  line  of  cliffs  which  present  a  bold  and  in 
many  places  vertical  step  of  himdreds  or  thousands  of  feet  to  the  table- 
land above.  The  upper  two-thirds  of  the  basin  stands  from  4,000 
to  8,000  feet  above  sea  level,  and  is  bordered  on  the  east,  west,  and 
north  by  ranges  of  snow-clad  moimtains,  which  attain  altitudes  rang- 
ing from  8,000  to  14,000  feet  above  sea  level.  Through  this  plateau 
the  Colorado  and  its  tributaries  have  cut  narrow  gorges  or  canyons 
in  which  they  flow  at  almost  inaccessible  depths.  At  points  where 
lateral  streams  enter,  the  canyons  are  broken  by  narrow  transverse 
valleys,  diversified  by  bordering  willows,  clumps  of  box  elder,  and 
small  groves  of  cottonwood.  The  whole  upper  basin  of  the  Colorado 
is  traversed  by  a  labyrinth  of  these  canyons,  most  of  which  are  dry 
during  the  greater  portion  of  the  year,  and  carry  water  only  during 
the  melting  of  the  snow  and  the  brief  period  of  the  autumnal  and 
spring  rains. 

OREEN  RIVER  AND  THE  MAIN  COLORADO  RIVER. 
DBSCBIPTION. 

Green  River  and  its  tributaries^  drain  an  area  rudely  triangular  in 
outline,  bounded  on  the  north  and  east  by  the  Wind  River  Mountains 
and  the  ranges  forming  the  Continental  Divide,  on  the  south  and  east 
by  the  White  River  Plateau  and  the  Roan  or  Book  Cliffs,  and  on  the 
north  and  west  by  the  Gros  Ventre  and  Wyoming  mountains  and  the 
great  Wasatch  Range.  The  greatest  length  of  the  basin,  north  and 
south,  is  about  370  miles.  In  an  east-west  direction  it  measures  at 
its  widest  part  about  240  miles.  The  total  drainage  area  is  approxi- 
mately 41,000  square  miles,  and  altitudes  range  from  14,000  feet  in 
the  high  mountains  to  about  3,800  feet  at  the  mouth  of  the  Grand. 

The  area  includes  a  large  part  of  western  Wyoming,  northwestern 
Colorado,  and  eastern  Utah.  The  Uinta  and  Uncompahgre  Indian 
reservations  are  located  in  this  basin  in  northeastern  Utah. 

The  river  heads  on  the  western  slope  of  the  Wind  River  Mountains 
in  western  Wyoming,  its  ultimate  source  being  a  number  of  small 
lakes  fed  by  the  glaciers  and  immense  snow  deposits  always  to  be 
found  on  Fremont  and  neighboring  peaks.  For  perhaps  25  miles  the 
river  flows  northwestward  through  the  mountains.  It  then  turns 
abruptly  and  runs  in  a  general  southerly  direction  across  western 
Wyoming  into  Utah.  A  few  miles  below  the  Wyoming-Utah  boun- 
dary another  sharp  turn  carries  the  river  eastward  near  the  east  end 

>  The  geology  of  this  basin  Is  described  in  the  Eleventh  Ann.  Rept.  U.  S.  Geol.  and  Geog.  Survey  Terr., 
for  1877,  pp.  609-646.  Information  in  regard  to  the  hydrography  is  oontained  In  the  first  to  fourth  annual 
reports  of  the  Reclamation  Service  and  in  United  States  Geological  Survey  reports. 
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of  the  range.  It  then  flows  southward  in  Colorado  for  about  25 
miles,  turns  back  into  Utah,  and  continues  to  flow  in  a  southwesterly 
and  southerly  direction  until  it  unites  with  the  Grand  to  form  the 
Colorado.  Its  length,  measured  roughly  along  the  course,  is  approxi- 
mately 425  miles. 

The  topography  of  the  headwater  region  is  rugged  in  the  extreme. 
The  Wind  River  Range  on  the  east,  and  tfhe  Gros  Ventre  and  Wyo- 
ming ranges  on  the  southwest  and  west  gradually  close  in  as  they 
extend  southward,  forming  a  basin  approximately  7,450  square  miles 
in  extent  above  the  discontinued  gaging  station  at  Green  River, 
Wyo. 

The  upper  part  of  this  basin  is  very  narrow,  but  southward  the  val- 
ley opens  out;  near  Fontanelle,  Wyo.,  it  is  several  miles  wide,  and  its 
benches  and  rolling  table-lands  extend  westward  to  the  foothills  of 
the  Wyoming  Range  and  eastward  to  the  bluffs  which  hug  the  east 
bank  of  the  river.  At  Green  River  the  valley  is  again  narrow — only 
a  few  hundred  yards  in  width — and  for  some  distance  southward  the 
river  runs  between  bluffs  standing  so  close  together  that  no  flood 
plain  is  seen.  Throughout  much  of  its  course  in  Utah  the  Green 
flows  through  a  succession  of  long,  deep,  narrow  canyons  with  walls 
ranging  in  height  from  a  few  himdred  to  as  many  thousand  feet,  sepa- 
rated by  short  valleys  containing  small  tracts  of  arable  lands. 

In  its  upper  course  the  Green  receives  as  tributaries  numerous 
streams  heading  in  the  Wind  River,  Gros  Ventre,  and  Wyoming 
ranges  of  mountains,  some  of  them  extending  so  far  back  into  the 
abrupt,  ragged  canyons  that  they  dovetail  with  streams  flowing  in 
the  opposite  direction.  The  most  important  of  these  tributaries 
are  New  Fork  River,  Big  Sandy  Creek,  Labarge  Creek,  Fontenelle 
Creek,  Black  Fork,  and  Henry  Fork.  South  of  the  Uinta  Mountains 
the  first  large  stream  flowing  into  the  Green  is  the  Yampa,  which 
comes  in  from  the  east  at  the  point  where  the  Green  turns  westward 
to  reenter  Utah  after  its  southward  journey  in  Colorado.  Farther 
south  Ashley  Creek  and  Duchesne  and  White  rivers  discharge  their 
waters  into  the  Green,  Ashley  Creek  and  the  Duchesne  from  the 
west  and  the  White  from  the  east.  Below  this  point  the  only  tribu- 
taries of  importance  are  Price,  Minnie  Maud,  and  San  Rafael  rivers, 
which  enter  from  the  west,  the  San  Rafael  at  a  point  about  32  miles 
above  the  junction  of  the  Green  and  the  Grand. 

In  the  41,000  square  miles  which  comprise  the  total  drainage  area 
of  Green  River  there  are  considerably  over  5,000  square  miles  of 
timbered  land  in  addition  to  a  considerable  woodland  area.  The 
principal  species  of  mountain  timber  are  the  Engelmann  spAce  and 
lodgepole  pine. 

Except  for  the  timber  in  the  high  mountains  at  tne  headwaters  of 
Green  River  in  Wyoming,  the  upper  portion  of  the  stream  is  not  very 
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extensively  forested.  The  timbered  land  in  that  section  includes 
probably  1,500  square  miles,  with  an  average  stand  of  about  4,000 
feet  b.  m.  per  acre.  Numerous  tracts  of  irrigated  and  cultivated 
land  extend  from  the  Wyoming  line  up  the  river  to  elevations  of 
7,000  feet.*  In  the  Green  River  basin  in  Utah  above  the  mouth  of 
the  Duchesne  there  are  about  600  square  miles  of  timbered  land, 
with  an  average  stand  of  nearly  3,000  feet  b.  m.  per  acre.  In  the 
drainage  basins  of  the  White  and  Yampa  rivers  in  Colorado  there 
are  nearly  2,000  square  miles  of  timbered  area  and  woodland. 

Over  the  plains  portions  of  the  basin,  which  includes  considerably 
over  half  of  it,  the  average  annual  precipitation  is  probably  less  than 
10  inches  annually;  over  much  of  the  remainder  the  rainfall  averages 
between  10  and  15  inches;  and  in  only  a  very  small  area  in  the  high 
mountains  does  the  annual  precipitation  exceed  20  inches. 

Throughout  this  basin  the  winters  are  severe  and  most  of  the 
streams  have  a  heavy  ice  cover  for  several  months.  There  is  usually 
an  abundance  of  snow  in  the  high  moimtains,  but  the  winters  on  the 
plains  are  frequently  open. 

The  oldest  and  most  extensive  irrigation  development  in  thi3  basin 
is  on  the  upper  Green  River  in  Wyoming.  Recently  large  irrigation 
systems  have  been  constructed  in  the  Duchesne  River  basin.  Con- 
siderable irrigation  is  practiced  around  Vernal,  Utah,  and  also  in  the 
vicinity  of  Greenriver,  Utah,  along  the  line  of  the  Denver  &  Rio 
Grande  Railroad.  Along  White  and  Yampa  rivers  in  Colorado 
meadow  irrigation  is  extensively  practiced,  and  projects  are  now  on 
foot  for  the  irrigation  of  200,000  or  300,000  acres  of  land  in  that  sec- 
tion. 

Excellent  reservoir  sites  are  found  on  the  headwaters  of  the  Green 
River  and  its  upper  tributaries,  and  also  along  Yampa  and  White 
rivers  on  Ashley  Creek,  and  other  tributaries  in  the  northwestern 
comer  of  Utah,  and  at  the  headwaters  of  Duchesne  River.  A  very 
considerable  portion  of  the  flow  could  be  equaUzed  by  storage. 

The  waters  of  this  stream  and  its  tributaries  are  practically  unused 
except  for  irrigation.  Not  a  water-power  plant  of  any  importance 
exists  in  the  whole  drainage  area  of  Green  River,  though  splendid 
opportunities  are  presented  at  the  headwaters  of  many  of  the  tribu- 
tary streams  above  all  irrigation  diversions.  Theoretically  it  would 
be  possible  at  the  present  time,  by  utilizing  known  storage  sites,  to 
develop  about  1,500,000  horsepower  in  the  basin  of  the  Green.  From 
Wells,  Wyo.,  to  the  Wyoming  State  line,  a  distance  of  225  miles,  the 
stream  has  an  average  fall  of  11  feet  per  mile;  and  from  the  Wyoming 
State  line  to  the  mouth  of  Minnie  Maud  Creek,  a  distance  of  200  miles 
the  average  fall  is  7  feet  to  the  mile. 


^  See  also  description  of  New  Fork  drainage  basin  in  Water-Supply  Paper  175,  pp.  21-22. 
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From  the  junction  of  Green  ancJ  Grand  rivers  the  Colorado  flows 
southwestward,  passes  across  the  northwestern  corner  of  Arizona, 
then  turns  to  the  south  and  for  the  remainder  of  its  course  forms  a 
part  of  the  southeastern  boundary  of  Nevada  and  Califomia  and  the 
western  boundary  of  Arizona.  It  empties  into  the  Gulf  of  Califomia 
about  60  miles  below  Yuma,  Ariz.  The  canyons  through  which  it 
flows  are  world  famed  and  need  not  here  be  described. 

The  Colorado  has  been  called  the  Nile  of  America,  and  like  the  Nile 
it  is  subject  to  an  annual  summer  rise  which  comes  at  the  time 
when  the  water  is  most  needed  for  irrigation.  It  is  interesting  to 
compare  the  Colorado  with  the  Nile  and  the  Susquehanna.  The  Nile 
is  similar  in  type;  the  Susquehanna  shows  the  difference  in  flow  be- 
tween arid  and  humid  regions.  In  the  comparison  a  normal  year, 
based  on  a  10-year  record  for  Colorado  and  Susquehaima  rivers  and 
such  data  as  could  be  found  in  regard  to  the  Nile,  have  been  used. 
The  Colorado  has  been  taken  as  the  standard  of  comparison. 

The  Nile  has  5.7  times  the  drainage  area  and  the  Susquehanna 
about  one-eighth  the  area  of  the  Colorado. 

The  rainfaJl  in  the  Nile  basin  is  3.8  times  greater;  that  in  the  Sus- 
quehanna basin  is  4.5  times  greater.  The  run-off  per  square  mile 
from  the  Nile  basin  is  1.9  times  greater;  that  from  the  Susquehanna 
basin  is  37  times  greater.  The  ratio  of  run-off  to  rainfall  in  the  Nile 
basin  is  2  times  smaller;  that  of  the  Susquehanna  basin  is  8.2  times 
greater. 

The  discharge  of  the  Nile  is  10.8  times  greater;  that  of  the  Susque- 
hanna is  4.5  times  greater. 

The  maximum  flow  of  the  Colorado  is  from  70,000  to  110,000  second- 
feet  and  occurs  in  May,  June,  or  July;  for  the  Nile  it  is  about  353,000 
second-feet  and  occurs  about  the  1st  of  September;  for  the  Susque- 
hanna it  is  from  200,000  to  400,000  second-feet  and  occurs  during 
March,  April,  and  May. 

The  minimum  flow  of  the  Colorado  is  from  2,500  to  3,000  second- 
feet  and  occurs  during  January  and  February;  that  of  the  Nile  is 
about  14,500  second-feet  and  occurs  about  the  end  of  May;  for  the 
Susquehanna  it  is  from  2,500  to  5,000  second-feet  and  occurs  in 
September  and  October. 

The  mean  flow  of  the  Colorado  is  about  10,700  second-feet;  for  the 
Nile  it  is  about  115,800  second-feet:  for  the  Susquehanna  it  is  about 
43,000  second-feet. 

The  water  of  the  Colorado  carries  an  immense  amount  of  sediment, 
reaching  as  high  as  2,000  parts  of  sediment  to  100,000  parts  of  water. 
Prof.  R.  H.  Forbes,  in  Bulletin  44  of  the  University  of  Arizona 
Agricultural  Experiment  Station,  says: 

On  the  basis  of  the  profile,  constructed  from  available  data  for  the  volume  of  flow 
of  the  Colorado  and  of  the  year's  silt  determinations  made  in  the  laboratory,  it  is  eeti- 
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mated  conservatively  that  the  river  during  1900  brought  down  about  61,000,000  tons 
of  sedimentary  material,  which,  condensed  to  the  form  of  solid  rock,  is  enough  to 
cover  26.4  square  miles  1  foot  deep,  or  to  make  about  164  square  miles  of  recently 
settled,  submerged  mud  1  foot  deep,  reckoning  the  whole  amoimt  of  mud  for  the  year 
to  average  6.2  times  the  bulk  of  the  solid  sediment. 

A  comparatively  small  amount  of  land  is  irrigated  by  the  waters  of 
the  Colorado  because  the  stream  and  its  tributaries  are  situated  so 
far  below  the  level  of  the  irrigable  lands  as  to  render  their  (Uversion 
extremely  difficult  or  impracticable.  Two  pumping  plants  are  in 
operation  to  lift  water  for  irrigation  at  Yuma,  and  several  at  other 
points  on  the  river  above  Yuma.  The  Imperial  canal  diverts  water 
from  the  river  at  a  point  about  10  miles,  by  river,  below  Yuma. 

The  principal  tributaries  of  the  Colorado  below  the  Grand  and 
Green  are  San  Juan,  Little  Colorado,  Williams  Fork,  and  Gila  rivers, 
which  enters  from  the  east,  and  Virgin  River,  which  enters  from  the 
west.  With  the  exception  of  WiUiams  Fork,  these  streams  and 
their  tributaries  are  described  in  other  parts  of  this  report. 

OBBBN  BIVEB  AT  OBBBNBIVEB,  UTAH. 

This  station,  which  is  located  at  the  Rio  Grande  Western  Railway 
bridge,  at  Greenriver  railroad  station,  near  Elgin  post  office  (originally 
called  Blake),  in  latitude  SO''  N.,  longitude  110°  9'  W.,  in  the  San 
Rafael  quadrangle  of  the  United  States  Geological  Survey,  was 
established  October  21,  1894,  discontinued  in  November,  1896, 
and  reestabUshed  in  February,  1905. 

Price  River  enters  from  the  west  about  16  miles  above  the  station. 
Several  irrigation  projects  are  completed  and  being  promoted  in  this 
drainage  basin.  The  last  diversion  above  the  station  is  about  10 
miles  upstream;  no  water  is  diverted  below  the  station. 

At  low  and  medium  stages  measurements  are  made  from  a  ferry- 
boat, at  a  point  about  450  feet  above  the  bridge.  At  high  stages 
measurements  are  made  from  the  bridge. 

The  bed  of  the  river  at  the  bridge  is  mainly  rock;  but  at  low  stages 
it  is  overlain  in  places  with  silt,  which  scours  out  and  thus  causes  the 
changes  in  conditions  of  flow,  necessitating  new  ratings  at  frequent 
intervals. 

A  new  bridge  was  erected  at  this  point  between  the  periods  of  main- 
tenance of  the  original  station  and  the  present  one.  The  present 
datum,  as  near  as  can  be  learned,  is  1.68  feet  below  the  original 
datum;  but  owing  to  change  in  conditions  of  flow,  due  to  the  reloca- 
tion of  the  bridge  piers,  it  is  impossible  to  utilize  the  early  measure- 
ments in  studies  of  new  cUscharge  curves.  The  datum  of  the  present 
chain  gage  has  remained  the  same  since  its  estabUshment. 

A  careful  determination,  in  1909,  of  the  angle,  which  the  bridge 
makes  with  the  main  current,  necessitated  a  correction  of  15  per  cent 
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in  all  discharge  measurements  made  at  the  bridge  from  1905  to  1909. 
The  daily  and  monthly  estimates  of  discharge  have  been  revised  and 
supersede  those  previously  pubUshed. 

Ice  usually  exists  at  the  station  during  December,  January,  and 
February.  Conservative  monthly  estimates  during  these  periods 
have  been  obtained  by  a  consideration  of  the  general  behavior  of  the 
river  at  this  station  and  by  the  aid  of  cUmatologic  data. 

Daily  gage  height^  infeety  of  Green  River  at  Greenriver,  Utah^for  1909. 
[L.  H.  Greene,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

D«s. 

1 

43 
45 
46 
46 
46 

46 
48 
49 
&0 
6.1 

6.1 
&2 
&2 
6.3 
6.3 

&2 
&0 
5.0 
6.1 
&1 

&05 

11 

6.36 
6.4 

&16 

8.36 

6.6 

5.75 

&8 

&7 

&45 

&3 

6.3 

5.1 

&0 

6.0 
49 
48 
48 

47 

47 
48 
48 
485 

48 

49 
6.0 
&0 
496 
49 

6.0 
&1 
6.2 
6.1 
5.0 

49 
49 
485 

49 
48 
49 
6.0 
5.3 

6.2 
6.36 
6.55 
6.75 
6.9 

6.0 
6.1 
6.0 
6.1 
6.26 

6.1 

5.96 

6.8 

s:96 

6.05 

6.75 
7.7 
9.1 
11.16 
9i8 

9i2 

&85 
8.55 
&36 
7.96 
7.7 

7.55 

7.36 

7.2 

7.0 

(196 

6.8 
7.3 
8.0 
&1 
7.65 

7.1 

7.0 

6.8 

6.36 

&2 

6.3 

6.45 

6.56 

&95 

7.45 

8.05 

&6 

&3 

&0 

7.66 

7.35 
7.0 
7.35 
7.25 
7.0 

7.9 

&3 

8.35 

8.25 

&05 

7.65 
7.7 
8.05 
&5 
a  15 

a4 

9.66 

iao5 

9.95 

ia2 

9.95 

9.85 

9.7 

9.6 

9.7 

9.7 
9i9 
ia26 

ia4 
lae 

ia76 

ILl 
11.05 

ia65 

las 

ia9 

11.2 

11.4 

11.3 

11.16 

11.1 

11.45 

12.05 

12.5 

12.85 

13.65 

14  3 
14  8 
15.16 
14  9 
14  25 

13.8 
13.25 
12.8 
12.65 
12.85 

13.0 

13.2 

13.15 

13.3 

13.56 

13.5 

ia6 

13.45 

12.9 

12.75 

12.5 

12.25 

12.15 

12.06 

11.9 

11.76 

11.8 

11.65 

11.65 

11.6 

11.3 
ia85 
ia65 
9.95 
9.65 

9.45 

9.25 

9.0 

8.9 

a85 

&66 

&35 

&4 

&55 

8.36 

.H.3 

a2 

8.2 

8.1 
&1 
&0 

7.95 

7.85 

7.65 

7.6 

7.5 

7.4 

7.3 

7.3 

7.35 

7.3 

7.2 
7.1 
7.1 
7.0 
7.0 

7.75 
&25 
8.05 
8.0 
7.9 

7.76 

7.9 
7.8 
7.6 
7.36 

7.26 

7.2 

7.1 

7.0 

7.15 

7.4 

&8 

8.9 

&45 

7.8 

7.65 

7.85 
8.2 
8.0 
7.8 
7.6 

7.6 

7.86 

8.0 

7.9 

7.6 

7.36 
7.25 
7.15 
7.0 
7.0 

6.9 
&8 
6.7 

a6 

6.6 

6.5 

6.5 

6.4 

6.35 

6.3 

6.2 

6.2 

&2 

6.15 

6.1 

ai 
ai 
ao 
ao 
ao 

5.95 
5.96 

6.8 
5.9 
&95 

ao 
ao 
ai 
ao5 

5.9 

&85 

&8 

5.7 

b.7 

5.76 

&8 
5.75 
5.7 
6.7 

a7 

5.7 

6.7 
6.65 

ae 

&65 
&7 

a7 

b.7 
&7 
b.7 

a7 

S.7 

&.7 

&7 

a65 

&6 

&6 

&5 

a5 

&45 

a4 

&4 
&5 

a56 
a6 

a6 

&6 
&6 

a6 

&8 

a2 

2 

a95 

3 

a  75 

4 

&6 

6 

&2 

6 

485 

7 

466 

8 

455 

9 

445 

10 

43 

n 

426 

12 

445 

13         

455 

14 

4  75 

16 

ao 

16 

ao 

17 

a7 

18 

ao 

19 

ai 

20 

a2 

21 

a3 

22 

a36 

23 

a46 

24 

a5 

25  

a6 

26 

a6 

27 

a6 

28 

a6 

29 

a6 

30 

a6 

31 

a6 

Note.— Gage  heights  affected  by  ice  after  December  11, 1909. 
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Daily  duAatge^  in  second-feet^  (^  Green  River  at  Oreenriver^  Utah,  for  190S=^909x 


Day. 


1905. 


1,760 

2 1,870 

3 1,870 

4 2,050 

6 2,120 


6 2,120 

7 2,340 

8 2,720 

9 2,900 

10 3,600 


11 3,840 

12 3,720 

13 3,390 

14 3,180 

15 3,080 


16 3,080 

17 3,080 

18 3,080 

19 3,080 

20 3,280 


Mtf. 


21 '  3,180 

22 3,610 

23 !  3,720 

24 1  3,500 

26 1  3,280 


26. 
27. 
28. 
29. 
30. 
31. 


Day. 


3,280 
3,280 
3,280 
3,280 
3,080 
3.080 


Apr. 


2,900 
3,180 
3,280 
2,900 
2,720 

2,720 
2,720 
2,720 
2,900 
2,720 

2,720 
2,810 
3,180 
3,720 
4,060 

4,700 
4,430 
4,430 
5,400 
5,400 

4,840 
4,700 
4,970 
5,110 
5,400 

5,400 
4,970 
5,110 
5,710 
6,360 


May. 


6,360 
6,870 
8,920 
10,100 
11,600 

12,400 
12,100 
10,800 
9,380 
8,920 

8,040 
8,040 
8,920 
10,600 
9,620 

8,700 
8,040 
8,040 
8,040 
8,920 

10,800 
13,700 
16,000 
18.100 
20,100 

21,800 
23,100 
24,200 
23,100 
23.100 
22,800 


June. 


22,500 
21,400 
22,800 
24,600 
27,000 

28,400 
28,800 
30,200 
32,000 
33,900 

33,600 
30,200 
31,300 
31,300 
29,600 

28,800 
24,200 
24,500 
23,800 
23,100 

21,800 
20,400 
19,700 
18,800 
18,400 

17,200 
16,600 
15.400 
14.800 
14,000 


July. 


13,400 
12,900 
12,400 
12,100 
11,800 

11,300 
10,800 
10,300 
9,850 
9,380 

8,920 
8,260 
7,630 
7,440 
6,700 

6,520 
6,360 
6,030 
6,870 
6,710 

6,560 
6,550 
5,250 
6,250 
4,970 

4,840 
4,700 
4,430 
4,300 
4,180 
4,180 


Aug. 


3,840 
3,720 
3,720 
3,720 
3,720 

3,720 
3,500 
3.280 
3,080 
3,080 

2,900 
2,810 
2,720 
2,720 
2,720 

2,720 
2,640 
2,480 
2,260 
2,260 

2,260 
2,260 
2,260 
1,990 
1,990 

2,190 
2,190 
1,990 
1,990 
1,930 
1,870 


Sept 


1,870 
1,870 
1,870 
l,87p 
2,06D 

2,060 
3,080 
2,640 
2,480 
2,640 

2,810 
2,810 
2,480 
2,340 
2,060 

1,990 
1,870 
1,990 
2,120 
1,990 

2,190 
2,260 
2,410 
2,260 
2,560 

2,640 
2,900 
2,990 
4,060 
6,030 


Oct 


6,190 
4,180 
3,500 
3,390 
2,090 

2,900 
2,640 
2,560 
2,340 
2,410 

2,560 
2,410 
2,260 
2,340 
2,120 

2,120 
2,120 
2,120 
1,990 
1,870 

1,870 
1,990 
2,000 
1,990 
1,990 

1,990 
1,990 
1,990 
1,990 
1,990 
1,990 


Nov. 


1,990 
2,060 
1,930 
1,820 
2,060 

2,190 
2,120 
2,120 
2,260 
2,120 

1,990 
1,930 
1,870 
1,820 
1,990 

1,990 
1,990 
1,990 
1.870 
1,870 

1,990 
2,560 
2,340 
2,260 
2,120 

1,990 
2,060 
2,190 
2.120 
1,990 


Dec. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept 


Oct 


Nov. 


1,870* 

1,760 

1,650 

1,370 

1,370 

1,290 
1,290 
1,220 
1,220 
1,220 

1,290 
1,330 
1,370 
1,370 
1,370 

1,290 
1,370 
1,370 
1,370 
1,370 


Dee. 


1906. 
1 

1,740 

2 

1,820 

3 

1,700 

4 

1,700 

5 

1,650 

6 

1,700 

7 

1,990 

8 

1,600 

9 

1.650 

10 

1,500 

11 

1,600 

12 

1,550 

13 

1,500 

14 

1,500 

16 

1,600 

16 

1,600 

17 

1,550 

18 

1,560 

19 

1,700 

20 

1,760 

21 

1,820 

22 

1,820 

23 

1,820 

24 

1,820 

25 

1,820 

26 

1,820 

27 

1,820 

28 

1,760 

29 

30 

31 



1,870 
1,870 
1,870 
2,190 
2,260 

2,340 
2,410 
2,480 
2,640 
2,640 

2,640 
3,180 
3,950 
5,250 
5,560 

5,400 
4,970 
4,430 
4,180 
3,720 

2,990 
3,390 
4,060 
4,970 
6,030 

9,620 
14,800 
21,800 
20,400 
18,800 
16,600 


12,100 
11,600 
9,380 
8,470 
8,040 

7,630 
7,060 
5,550 
5,550 
5,400 

6,030 
7,060 
6,870 
6,870 
7,240 

8,700 
8,470 
8,260 
8,470 
8,700 

8,260 
9,850 
11,600 
12,600 
13,100 

14,000 
13,700 
14,500 
16,900 
15,400 


14,200 
13,400 
13,100 
12,600 
12,600 

12,400 
12,900 
13,400 
13,700 
14,000 

17,800 
20,100 
21,700 
25,200 
30,200 

32,000 
31,300 
30,600 
31,300 
30,600 

31,000 
31,700 
32,400 
33,100 
33,100 

33,100 
32,400 
33,100 
34,200 
34,400 
36,500 


33,900 
35,400 
36,800 
39,100 
41,400 

41,000 
40,200 
41,000 
42,100 
42,100 

39,900 
38,300 
30,200 
27,700 
26,300 

25,200 
24,500 
25,600 
25,600 
25,200 

26,300 
25,900 
24.900 
25.600 
25,900 

26,700 
27,400 
25,900 
24,500 
25,600 


14,200 
14,800 
16,400 
15,700 
15,700 

15,700 
16,700 
15,700 
15.100 
15,100 

15.700 
16,700 
15,400 
15,100 
15,100 

14,800 
14,500 
14,500 
14,000 
14,200 

13.700 
12,900 
12,100 
10,800 
10,300 

10,300 
9,620 
9.380 
8.920 
8,260 
8,040 


7,840 
8,260 
7,840 
8,040 
7,240 

7,060 
6,870 
6,520 
6,190 
6,030 

5,710 
5,260 
5,250 
5,250 
5,400 

4,970 
4,970 
4,840 
4,430 
4,430 

4,700 
5,550 
6,700 
7,440 
6,360 

5,870 
6,710 
6,360 
6,520 
7,060 
6,700 


6,700 
7,440 
6,870 
6,360 
6,360 

6,520 
6,520 
6,030 
5,560 
5,260 

5,110 
4,700 
4,430 
4,180 
4,060 

4,560 
4,300 
4,700 
5,250 
4,560 

4,560 
5,400 
4,700 
4,430 
4,430 

4,180 
3,950 
3,840 
3.720 
3,720 


3,720 
3,500 
3,500 
3,500 
3,500 

3,280 
3,280 
3,180 
3,080 
3,060 

3,080 
3,080 
3,080 
2,900 
2,900 

2,900 
2,900 
2,900 
2.720 
2,720 

2,720 
2,900 
2,900 
2,900 
2,900 

2,900 
2,810 
2,720 
2,560 
2,720 
2,900 


3,080 
5,870 
4,700 
4,970 
4,970 

4,560 
4,060 
3,720 
3,720 
3,720 

3,720 
3,610 
3,500 
3,500 
3,280 

3,280 
3,280 
3.180 
3,080 
2,810 

2,480 
2,260 
1,870 
1,760 
1,870 

2,260 
2,410 
2,340 
2,060 
1,820 


1,700 
1,820 
2,120 
2,990 
3,280 

3,060 
3,060 
3,280 
2,810 
2,560 

2,410 
2,640 
2,560 
2,410 
2,560 

2,480 
2,260 
2,120 
1,990 
1,820 

1,760 
1,820 
1,820 
1,820 
2,190 

2,560 
2,560 
2,560 
2,720 
2,640 
2,900 
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42  SURFACE  WATER  SUPPLY,  1909,  PART  IX. 

Daily  dischargey  in  seamd-feet,  of  Green  River  at  GreenriveTf  Utah,  for  1905-1909 — Con. 


Day. 


Jan. 

Feb. 

Mar. 

Apr. 

2,900 

2,720 

8,040 

9,380 

2,810 

2,640 

7,440 

8,700 

2,720 

2,560 

7,440 

7,840 

2,640 

2,560 

6,700 

7,060 

2,560 

2,720 

6,030 

6,870 

2.560 

2,990 

5,550 

6,030 

2.340 

3,080 

5,110 

6,030 

2,120 

3,720 

5,250 

7,240 

2,340 

4,300 

4,840 

8,700 

2,560 

5,250 

4,180 

9,150 

2,560 

6,870 

4,180 

10,100 

2,560 

7,840 

4,300 

10,600 

2,410 

6,870 

4,430 

10,300 

2,410 

6,870 

4,430 

11,600 

2,410 

5,250 

4,180 

14,800 

2,560 

4,970 

4,180 

16,900 

2,560 

6,110 

4,180 

19,400 

2,480 

4,700 

3,950 

21,800 

2,410 

4,700 

3,720 

22,800 

2,340 

4,700 

3,720 

24,900 

2,480 

4,700 

3,720 

24,600 

2,640 

5,710 

6,520 

24,500 

2,260 

6,360 

4,180 

20,100 

2,120 

6,520 

7,240 

17,500 

1,990 

5,400 

12,900 

16,300 

i.sao 

5,870 

13.400 

16,000 

2,060 

6,030 

13.400 

15,100 

2,260 

7,440 

12.900 

15,100 

2,480 

12,100 

15.100 

2,560 

11,100 

15,100 

2,720 

10,100 

May. 


June. 


July,  j  Aug. 


Sept. 

Oct. 

Nov. 

6,900 

3,450 

3,000 

6,900 

3,110 

3,000 

6,900 

3,000 

3,000 

6,900 

3,220 

3,000 

7,940 

3,690 

3,000 

6.600 

3,820 

3,000 

6,310 

3,940 

3,000 

6,120 

3,940 

3,000 

6,120 

3,600 

3,000 

6,760 

3,600 

2,790 

5,420 

4,070 

2,790 

6.100 

4,480 

2,790 

4,780 

4,780 

2,790 

4,630 

5,260 

2,790 

4,480 

5,260 

2,790 

4,480 

4,630 

2,590 

4,340 

4,070 

2,590 

4,200 

3.690 

2,500 

3,820 

3,600 

2,400 

3,600 

3,450 

2,400 

3,690 

3,340 

2,400 

3,450 

3,220 

2,220 

3,450 

3,220 

2,220 

3,450 

3,220 

2,220 

3,220 

3,220 

2,060 

3,220 

3,220 

2,050 

3,220 

3,220 

1,800 

3,220 

3,220 

1,890 

3,220 

3.000 

1,890 

3,220 

3,000 
3,000 

1,890 

Dec 


1907. 

1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


16,100 
15,700 
16,600 
16,600 
16,000 

15,100 
14,800 
14,200 
14,000 
13,100 

13,100 
14,200 
15,700 
21,100 
23,800 

24,900 
24,900 
23,800 
22,800 
22,800 

26,700 
30,900 
34,800 
38,400 
41,000 

42,600 
41.800 
42.900 
40,700 
37,000 
29,800 


31,600 
30,200 
29,800 
29,800 
33,000 

36,600 
40,700 
42,600 
44,800 
46,600 

48,100 
47,700 
46,600 
44,800 
42,900 

40,700 
39,600 
38,800 
37,700 
37,700 

38,100 
37,700 
37,700 
37,000 
37,000 

36,300 
37,000 
37.300 
38,400 
38,400 


38,400 
38,400 
38,100 
39,200 
39,900 

41,400 
42,100 
42,900 
42,900 
42,100 

42,100 
41,400 
40,300 
38,100 
36,600 


19,300 
18,100 
17,100 
16,500 
16,200 

15,200 
14,600 
14,000 
14,090 
13,400 

12,200 
11,900 
11,109 
11,100 
10,800 


33,700  10,600 
31,900  9,790 
30,200  I  9,060 
27,700  t  8,600 
26,300   8,380 


23,900 
22,600 
21,300 
20,300 
20,300 

20,300 
20,300 
20.300 
19,700 
19,700 
19,000 


7,940 
7,720 
7,300 
7,100 
7,300 

7,510 
9,300 
8.600 
8,160 
7.720 
7,300 


1,800 
1,740 
1,890 
1,820 
1,740 

1,740 
1,600 
1,600 
1,600 
1,600 

1,470 
1,470 
1,470 
1,470 
1,470 

1,350 
1,350 
1,350 
1,350 
1,360 

1,240 
1,240 
1,240 
1,240 
1,240 

1,240 
1,350 
1,350 
1,350 
1,350 
1,350 


Day. 


11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


Feb. 


1,740 
1.740 
1,740 

1,890 
1.890 
1,740 
1,740 


Mar. 


1,740 
1,740 
1.890 
2,400 
2,400 

2,690 
2,590 
2,690 
2,590 
2,790 

2,790 
2,790 
2,790 
3,000 
3,000 

3,450 
4,630 
4,780 
4,200 
3,940 

4,340 
6,100 
6,940 
5,420 
6,100 

6,100 
4,780 
4,340 
4,070 
3,940 


Apr. 


4,200 
3,940 
3.690 
3,450 
.3,450 

3,450 
3,450 
3,450 
3,450 
3,450 

3,450 
3,450 
3,450 
3,820 
4,340 

5,100 
5,120 
5,940 
6,700 
7,510 

8,830 
10,  .300 
11,400 
12,500 
12.800 

12,800 
11,900 
11.400 
10,800 
9.800 


May. 


9,060 
8,600 
8,160 
8,160 
8,380 

8,830 
9,060 
9,300 
9,640 
10,300 

10,800 
11,700 
13,700 
14,300 
14,600 

14,000 
12,200 
11,700 
11.100 
11,100 

11,700 
12.500 
13,100 
13.400 
14,300 

12,800 
12,500 
13,700 
14.300 
14,000 
14,000 


Jane. 


14,000 
13.400 
13.400 
11,900 
11,400 

13,400 
13,400 
14,000 
13,400 
14,000 

13,400 
14,300 
16,200 
19,700 
20,300 

22,900 
23,600 
24,300 
24,300 
25,000 

25,000 
22,400 
21,800 
22,800 
21,800 

20.800 
19,200 
18,600 
17,100 
16,200 


July.   Aug. 


14,400 
13,900 
12.800 
12,800 
12,800 

12,800 
13,300 
13,300 
12,800 
12,800 

12,800 
12,500 
12,500 
12,000 
11,000 

10,800 
10.800 
10,300 
9,820 
9,350 

8,890 
8,440 
8,000 
8.000 
7,560 

6,510 
6,120 
5,540 
4.820 
5,730 
4,820 


6,730 
6,510 
7,540 
8,220 
8,890 

7,780 
6,5^ 
6,000 
4,820 
8,000 

6,710 
4.820 
6,360 
8,000 
7,340 

7,340 
7,560 
7,560 
7,130 
7,130 

7,560 
7.560 
7,560 
7.130 
6,920 

6,710 
6,710 
6,510 
6.310 
5,920 
5,360 


Sept. 


5,000 
4.820 
4,820 
4,480 
4,320 

4,150 
3,660 
3,080 
2,950 
2,700 

2,470 
2,470 
2.260 
2,260 
2,280 

2,070 
2.070 
2,070 
2,070 
1,900 

2,070 
5.170 
3.820 
3,510 
4,820 

4,150 
3.230 
3.680 
3,820 
5,300 


Oct. 


6,120 
6,000 
4,480 
4.150 
3,820 

3,660 
3,510 
3,220 
3.220 
2,950 

2,950 
2,950 
2,950 
2,950 
2,700 

2,700 
2,700 
3,080 
3,820 
4,650 

4,650 
4,150 
3,820 
3,510 
3,510 

3,510 
3,510 
3,220 
3,220 
3,220 
3,220 


Nov. 


3,220 
3,220 
2,950 
2,950 
2,950 

2,700 
2,700 
2,470 
2,470 
2,260 

2,260 
2,260 
2,260 
2,260 
2,070 

1,980 
1,900 
1,760 
1,750 
1.600 

1.460 
1,460 
1,600 
1,600 
1,900 

1,900 
2,070 
2,070 
1,900 
830 


Dec 


800 
800 
800 
800 
750 

800 
805 
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COLORADO  RIVER  BASIN.  43 

Daily  dischargey  in  second-feet  ^  of  Green  River  at  Greervriver,  Utah,  for  1906-1909 — Con. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1909. 

1 

030 

2,580 

1,600 

10,500 

12,300 

2 

1,100 

2,260 

1,460 

9,680 

14,400 

3 

1,210 

2,260 

1,600 

8,890 

14,700 

4 

1,210 

1,900 

1,750 

8,000 

14,200 

5 

1,210 

1,750 

2,200 

7,780 

13,100 

6 

1.210 

1,750 

2,070 

7,130 

11,000 

7 

1,460 

1,600 

2,360 

9,350 

11.300 

8 

1,600 

1,460 

2,820 

12,800 

13,100 

9 

U50 

1,460 

3,360 

13,300 

16,600 

10 

1,900 

1,330 

3,820 

11,000 

19,500 

11 

1,900 

1,330 

4,160 

8,440 

21,200 

12 

2.070 

1,460 

4,480 

8,000 

22,100 

13 

2,070 

1,460 

4,150 

7,130 

26,400 

14 

2,260 

1,630 

4,480 

6,360 

24,800 

16 

2,260 

1,460 

6,000 

4,820 

26,400 

16 

2,070 

1,600 

4,480 

5,170 

24,800 

17 

1,750 

1,750 

3,980 

5,730 

24,100 

18 

1,750 

1,760 

3,610 

6,120 

23,100 

19 

1,900 

1,680 

3,980 

7,780 

22,400 

20 

1,900 

1,600 

4,320 

10,100 

23,100 

21 

1,820 

1,750 

6,920 

13,100 

23.100 

22 

1,900 

1,900 

11.300 

16,200 

24.400 

23 

1.900 

2,070 

19,200 

14,400 

26.800 

24 

2,360 

1,900 

33,000 

12,800 

27.800 

26 

2,470 

1,750 

23,800 

11,000 

29,200 

26 

1,960 

1.600 

19,900 

9,680 

30,200 

27 

2,360 

1,600 

17,700 

8,000 

32,700 

28 

2,950 

1,630 

16,900 

9,680" 

32,400 

29 

3,360 

14,700 

9,120 

29,600 

30 

3.610 

12,600 

8,000 

30,600 

31 

3,220 

11,300 

31,300 

June.  I  July. 


33,400 
34,800' 
34,100 
33,000 
32,700 

86,200 
39,400 
42,600 
46,200 
61,100 

65,900 
60,600 
62,200 
60,400 
66,600 

62,200 
48,200 
44,800 
43,700 
46,200 

46,300 
47,800 
47,400 
48.500 
50,400 

50.000 
50,000 
49,600 
45,600 
44,400 


42,600 
40,800 
40,100 
39,400 
38,300 

37,200 
37,600 
36,600 
36,600 
36,200 

34,100 
31,000 
29,600 
24,800 
22,800 

21,500 
20,200 
18,600 
18,000 
17,700 

16,600 
14.700 
15.000 
15.000 
14,700 

14,400 
13,000 
13,000 
13,300 
13,300 
12,800 


Aug. 


12,500 
12,000 
11,000 
10,800 
10,300 

9,820 
0.350 
9,350 
9,680 
9,350 

8,890 
8,440 
8,440 
8,000 
8,060 

11,500 
14,100 
13,100 
12,800 
12,300 

11,500 
12,300 
11,800 
10,800 
9,680 

9,120 
8,890 
8,440 
8.000 
8,660 
9.820 


Sept. 


17,400 
18,000 
15,300 
11,800 
11,000 

12,000 
13,900 
12,800 
11,800 
10,800 

10,800 
12,000 
12.800 
12,300 
10,800 

9,680 
9,120 
8,660 
8,000 
8,000 

7,660 
7,130 
6,710 
6,310 
6,310 

6,920 
6,920 
6,640 
6,360^ 
6,170 


Oct. 


4,820 
4,820 
4,820 
4,650 
4,480 

4,480 
4,480 
4,150 
4,150 
4,160 

3,960 
3,980 
3,510 
3,820 
3,980 

4,150 
4,150 
4,480 
4,320 
3,820 

3,660 
3,610 
3,220 
3,220 
3,360 

3,510 
3,360 
8,220 
3,220 
3,220 
3,220 


Nov. 


3,220 
3,080 
2,950 
3,080 
3,220 

3,220 
3,220 
3,220 
3,220 
3,220 

3,220 
3,220 
3,220 
3,080 
2,950 

2,950 
2,950 
2,700 
2,700 
2,680 

2.470 
2,470 
2,700 
2,820 
2,950 

2,700 
2,700 
2,950 
2,950 
3,510 


Dec 


4,820 
3,980 
3,360 
2,950 
2,070 

1,630 
1,270 
1,160 
1,060 
930 

8^ 


Note.— These  dafly  disohaiiges  are  based  on  rating  curves  applicable  as  follows  (except  as  noted):  Feb. 
16. 1906,  to  May  21, 1907,  well  defined  between  2,000  and  37 M  second-feet;  May  22, 19C^,  to  June  21, 1908. 
fairly  well  defined  between  6,000  and  39,000  second-feet:  June  22,  1908,  to  Dec.  31,  1909,  well  defined 
between  2,500  and  30,000  second-feet. 

Discharge  estimated  for  ice  periods  as  follows:  Dec.  21  to  30, 1906, 1,200  second-feet  per  day;  Jan.  1  to 
31, 1906. 1,400  second-feet  per  day;  Feb.  1  to  12, 1906, 1,500  second-feet  per  day;  Jan.  1  to  31,  1908.  1300 
second-feet  per  day;  Feb.  I  to  10, 1908, 1,400  second-feet  per  day;  Feb.  11  to  22, 1908, 1,500  second-feet  per 
dav;  Dec.  8  to  31, 1908, 800  second-feet  per  day;  Dec.  12  to  31, 1909,  800  seoond-feet  per  day. 

These  estimates  for  ice  periods  are  based  on  the  observers'  notes  and  the  climatologlcal  data  of  the  United 
States  Weather  Bureau. 


Monthly  discharge  of  Green  River  at  Greenrirer,  Utah ,  for  1905-1909. 
[Drainage  area,  38,200  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maximum. 


Minimum. 


Mean. 


Per 
square 


Run-off. 


Depth  in 
inches  on 
drainage 


Total  in 
acre-feet. 


Aoco> 
racy. 


March. 

April 

May 

June 

July 

August 

September. 

October 

November. . 
December. . 


1905. 


The  period. 


8,840 

6.360 

24,200 

33.900 

13.400 

3.840 

6.030 

6.190 

2.560 

1  870 


1,760 
2,720 
6,360 
14.000 
4.180 
1.870 
1,870 
1,870 
1,820 


2,990 
4,070 
12,900 
24.300 
7,640 
2,730 
2,510 
2.480 
2,050 
1,320 


0.078 
.106 
.338 
.636 
.200 
.071 
.066 
.065 
.054 
.035 


0.00 
.12 
.30 
.71 
.23 
.06 
.07 
.07 
.06 
.04 


184,000 
242.000 
793.000 
1,450.000 
470.000 
168,000 
149,000 
152,000 
122.000 
81.200 


3,810,000 
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Monthly  din^uarge  o/Oreen  River  at  Ortenriver,  Utah,  for  1905-1909 — Continued. 


Month. 


Dboharge  in  second-feet. 


>f»x1i?'"m 


Minimum. 


Mean. 


Per 
square 
mile. 


Run-oil. 


Depth  in 
incneson 
drainage 


Total  in 
acre-feet. 


Accu- 
racy. 


January 

February. . , 
March...... 

April 

May 

'June 

July 

August 

September.. 

October 

November. . 
December.. 


igo6. 


The  year. . . 
1907. 


January. 
February. . . 
March 

iC::::::. 

June 

July 

August 

September.. 
October. . . . 
November.. 
December.. 


The  year. 


January... 
February. , 
March. 
Ap 


1906. 


April. 
May.. 


iiay. 
June.. 

July 

August 

September.. 

October 

November. . 
December.. 


The  year. . . 
1909. 


January.. 
February. . , 

March 

April 

May 

June 

July 

August 

September.. 

October 

November. . 
December.. 


The  year. 


21,800 
16,900 
36,500 
42,100 
15.700 
8,260 
7,440 
8,720 
5.870 
3.280 


42.100 


2,900 

7,840 

13,400 

24,900 

42,900 

48,100 

42,900 

19,300 

7,949 

5,260 

3,000 

1,890 


48,100 


1.820 
1,890 
5.940 
12,800 
14.600 
25,000 
14.400 
8.890 
5,300 
6.120 
3,220 
1,460 


25.000 


3,510 
2,580 
33,000 
16,200 
32.700 
62.200 
42,600 
14, 100 
18,000 
4,820 
3,510 
4,820 


62,400 


1,870 
5,400 
12,400 
34,500 
8,040 
4,430 
3,720 
2,560 
1,760 
1,700 


al,400 
M,620 
6,110 
9,580 
24,800 
31,300 
13,400 
6,170 
5,080 
3,020 
3,260 
2,430 


0.037 
.042 
.160 
.251 
.649 
.819 
.351 
.162 
.133 
.079 
.085 
.064 


9,050 


.237 


1,820 
2,560 
3,720 
6,030 
13,100 
29,800 
19,000 
7,100 
3,220 
3,000 
1,890 
1,240 


2,440 

4,910 

6,760 

14,000 

24.700 

38,800 

31.600 

11,200 

4,820 

3,670 

2.560 

1,470 


.064 
.129 
.177 
.367 
.647 
1.02 
.828 
.293 
.126 
.096 
.067 
.038 


1,240 


12.300 


.322 


1,350 

1,600 

1,740 

3,450 

8,160 

11,400 

4.820 

4,820 

1,900 

2,700 

830 

750 


1,300 

1,530 

3,570 

6,590 

11,600 

18,100 

10,300 

6,810 

3,380 

3,580 

2,160 

801 


.034 
.040 
.093 
.172 
.304 
.474 
.270 
.179 
.088 
.094 
.057 
.021 


750 


5,810 


.162 


930 

1.330 

1,460 

4,820 

11,000 

32,700 

12,800 

8,000 

5,170 

3,220 

2,470 

«800 


1,980 

1.720 

8,120 

9,290 

22.400 

46.300 

25,200 

10,300 

9,960 

3.930 

2.980 

1,290 


.052 
.045 
.213 
.243 
.586 
1.21 
.660 
.270 
.261 
.103 
.078 
.034 


0800 


12,000 


.314 


ao4 

.04 
.18 
.28 
.75 
.91 
.40 
.19 
.15 
.09 
.09 
.07 


3.19 


.07 
.13 
.20 
.41 
.75 
1.17 
.95 
.34 
.14 
.11 
.07 
.04 


4.38 


.04 
.05 
.11 
.19 
.35 
.53 
.31 
.21 
.10 
.11 
.06 
.02 


2.08 


.06 
.05 
.25 
.27 
.68 
1.35 
.76 
.31 
.29 
.12 
.09 
.04 


4.27 


86,100 

90,000 

376,000 

570,000 

1,620,000 

1,860,000 

824,000 

379,000 

302,000 

186,000 

194,000 

149,000 


6,540,000 


160, 

273, 

416, 

833. 

1.520, 

2,310, 

1,940, 

689, 

287, 

226, 

152, 

90, 


8,890,400 


79,900 

88,000 

220,000 

392,000 

713,000 

1,080,000 

633,000 

419,000 

201,000 

220,000 

129,000 

49,300 


4,220,000 


122,000 

95,500 

499,000 

553,000 

1,380,000 

2,760,000 

1,550,000 

633,000 

593,000 

242,000 

177,000 

79,300 


8,680,000 


D. 
C. 
B. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 
B. 


a  Estimated.  t  One-half  month  estimated. 

Note.— See  notes  under  1909  daily  discharge  table  for  estimates  during  ice  periods,  1905  to  1009. 

COLORADO  BIVEB  AT  YX7HA,  ABIZ. 

This  station,  which  is  located  in  the  town  of  Yuma,  Ariz.,  1}  miles 
below  the  mouth  of  Gila  River  and  10  miles  by  river  above  the  Mexi- 
can border,  furnishes  information  concerning  the  amount  of  water 
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available  for  irrigation  along  the  lower  Colorado  River.  Records  of 
river  height  have  been  kept  by  the  Southern  Pacific  Co.  since  April  1, 
1878. 

The  twords  given  herewith  are  furnished  by  the  United  States 
Reclamation  Service,  through  F.  L.  Sellew,  project  engineer,  Yuma, 
Ariz. 

As  the  bed  of  the  stream  is  composed  of  Silt  and  sand  and  is  yeiy 
unstable  frequent  measurements  are  necessary  to  properly  determine 
the  daily  discharge.  Neither  bank  is  subject  to  overflow.  Previous 
to  May  31,  1903,  discharge  measurements  were  made  from  the  rail- 
road bridge.  On  that  date  a  cable  station  was  estabUshed  at  a  point 
600  feet  below  the  bridge,  and  all  measiu'ements  are  now  made  from 
a  car,  except  during  highest  floods,  when  a  boat  is  used.  At  flood 
stages  a  large  part  of  the  water  flows  through  an  old  channel  and  does 
not  pass  under  the  cable.  At  such  times  this  overflow  water  is 
measured  at  the  point  where  it  passes  under  the  railway  trestle,  one- 
third  mile  north  of  the  main  channel. 

The  staff  gage  is  in  two  sections,  the  upper  section  reading  above 
24  feet  being  the  original  gage  established  in  1876.  It  is  located  at 
the  railroad  bridge,  600  feet  above  the  cable  station.  The  elevation 
of  the  zero  of  the  gage  is  137.4  feet  above  sea  level. 

Discharge  measurements  of  Colorado  River  at  Yuma,  Ariz.,  in  1909. 
(By  R.  L.  North  and  N.  B.  Conway.] 


Date. 

Gaee 
height. 

Dis- 
charge. 

Date. 

heS^t 

Dis- 
charge. 

Jan.    1 

Feet. 
18.70 
18.40 
18.60 
18.30 
18.30 
18.80 
19.40 
19.  «0 
19.20 
20.40 
20.90 
20.50 
21.80 
20.70 
20.10 
19.70 
19.70 
19.80 
20.00 
20.30 
20.20 
20.90 
20.00 
19.90 
20.20 
20.30 
20.20 
20.30 
20.75 
20.90 
21.10 
20.80 
20.80 
21.50 
21.50 
21.50 

Sec-ft. 

Tim 

6,000 
6,800 
6,100 
5,800 
6,200 
7.400 
11,900 
9,900 
15,300 
21,300 
17,600 
25,100 
18,100 
16,500 
12,300 
12,000 
11,400 
11,800 
12,800 
12,200 
16,800 
12,000 
11,400 
12,000 
12,900 
11,100 
11,600 
15,700 
17,500 
18,700 
16, 100 
14,600 
18,200 
17,700 
16,900 

Apr.   1 

Ftet. 
24.90 
23.40 
22.60 
21.40 
21.20 
21.80 
21.95 
21.60 
21.30 
21.20 
22.66 
24.20 
24.66 
23.90 
22.70 
23.20 
23.40 
23.00 
23.50 
24.20 
26.20 
26.70 
26.20 
26.95 
26.60 
26.80 
26.60 
26.90 
27.10 
27.06 
26.46 
26.80 
27.60 
28.80 
29.60 
30.30 

43,800 
33,600 
29,100 
24,100 
21,600 
25.600 
26,400 
22,500 
22,000 
21,300 
32,900 
43,700 
46,100 
41,900 
32,400 
38,600 
40,400 
37,300 
42,500 
49,000 
60,400 
65,400 
68.500 
64,700 
66,400 
71,400 
74,600 
76  700 

4 

3::::.:::::::::::::::::: 

6 

5       

8 

8          ..   . 

12 

10 

16 

12 

18 

15.     . 

20 

17 

22 

20 

26 

22 

27 

24 

30 

26 

Feb.    1 

28 

3 

30 

5 

May  3 

9 

^  5::::::::::::::::::::::: 

11 

7 

15 

10 

17 

12 

19 

14 

23 

17 

25 

19 

27 

21 

Mar.   1 

24            

3 

26           

5 

29 

8 

June  1 

10 

3 

13 

7 

78,700 
79,000 
77,100 
80,400 
90,700 
114,900 
126,000 
139,500 

15 

9 

17 

12 

19 

14 

23 

16 

25 

18 

27 

20 

29 

22 
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Discharge  measurements  of  Colorado  River  at  Yuma^  Ariz.^  in  1909 — Continued. 


Date. 

Oaee 
hei^t 

Dis- 
charge. 

Date. 

Oaee 
hei^t 

Dis- 
charge. 

June  24 

Feet. 
3a  75 
30.66 
29.40 
20.40 
20.00 
28.20 
27.00 
25.50 
24.60 
23.80 
22.20 
20.00 
19.40 
18.90 
19.25 
19.80 
19.50 
18.90 
18.60 
18.00 
18.40 
18.30 
19.30 
19.80 
19.70 
20.95 
21.20 
20.20 
19.80 
19.45 
21.10 
20.80 
22.30 
22.50 
19.90 
18.90 
18.40 
17.60 
17.40 
17.10 
16.80 
16.70 
16.50 

See.-ft, 
149,500 
145,000 
130,200 
132,400 
132,000 
116,900 
102,900 
86,300 
75,300 
68,400 
62,600 
42,900 
35,600 
34,400 
46,500 
51,900 
44,300 
38,700 
36,100 
28,400 
30,400 
28,500 
42,500 
42,300 
39,400 
53.800 
50,600 
47,200 
42,400 
30,000 
65,200 
50,400 
76,000 
79,900 
40,000 
33,600 
29,400 
22,600 
21,300 
19,200 
17,200 
16,100 
14,500 

Oct.  12 

Feet. 
16.30 
16.30 
16.30 
16.30 
16.50 
16.50 
16.40 
16.40 
16.40 
16.40 
16.40 
16.40 
16.30 
16.30 
16.30 
16.00 
16.00 
16.00 
15.90 
15.80 
15.80 
15.80 
15.80 
15.90 
15.90 
15.90 
15.90 
16.00 
15.85 
15.90 
16.00 
16.10 
16.10 
16.00 
16.00 
16.70 
15.35 
15.10 
15.20 
15.30 
15.00 
14.80 

Sec-n. 
13,500 
13,300 
12,700 
12,900 
13,700 
13,700 
13,100 
13,300 

26             

12 

July   1 •. 

14 

14 

6 

16 

8              

16 

10      

•19 

13a                    

19 

]5a 

21 

12,900 
12,900 
12,700 
12,600 
12,000 
12,000 
11,400 
11,100 

17a                 

21 

19a 

23 

22a              

23 

24o 

26 

26a             

26 

29a 

28 

31a                   

30 

Aug.  3* 

30 

11,000 
10,900 
10,000 
0.600 
0,300 
8,700 
0,100 
0,000 
0,100 
0,400 
0,300 
0,500 
0,000 
9,600 
9,800 
10,800 
11,800 
10,000 
10,200 
9,300 
7,600 
6,300 

5a                 

Nov.  1 

7a        

4 

10a                       

6 

12o      , 

9 

14a                           

11 

17o 

13 

19a                               

16 

21a  .             

18 

24a 

20 

26a                   

23 

28a                             .*     . . 

27 

31  a               

30 

Sept.  2a 

Dec.    2 

4a                

4 

7o 

7 

11a                   

9 

16a 

11 

18a 

14 

21                       

16 

23 

18 

28                            

21 

30 

23 

6,600 
6.600 

Oct     2                         

25 

5                

28 

5,700 
4,800 

7                                

30 

9 

a  Acoustic  meter  used  and  the  coefficient  of  reduction  was  taken  as  90  per  cent. 

Daily  gage  height y  in  feet ,  of  Colorado  River ^  at  Yuma,  Ariz.,  for  1909. 
[R.  L.  North  and  N.  B.  Conway,  observers] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

248 

24.1 

23.5 

23.05 

22.65 

22.15 
22.0 
21.55 
21.65 
21.3 

21.75 
21.8 
21.8 
21.05 
22.0 

21.85 
21.45 
21.25 
21.35 
21.35 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

18.65 
18.6 
18.45 
18.35 
18.55 

18.6 
18.4 
18.25 
18.3 
18.3 

18.35 

18.3 

18.46 

18.7 

18.8 

18.9 
19.06 
19.6 
19.75 
19.6 

21.7 
21.1 
20.6 
20.2 

2ai 

20.05 

19.85 

19.75 

19.7 

19.65 

19.7 
19.7 
19.9 
19.8 
19.9 

20.1 

20.05 

20.6 

20.35 

2a3 

19.9 
20.2 
20.25 
20.55 
20.3 

2a3 
20.35 
20.15 
2a  25 
2a  35 

20.35 
2a5 
20  75 
20.85 
20.9 

20.9 
21.05 
20  85 
20.8 
20.85 

23.45 
23.0 
22.7 
22.85 
2a  25 

2a  45 
2a  35 
2a  05 

2ao 
2ao 

2a  15 

2a  55 
23.06 
242 
245 

240 
25.3 
25.6 
25.8 
26.2 

26.6 
26.7 
26.0 
27.0 
27.0 

27.1 

27.15 

27.15 

26.95 

26.65 

26.4 
26.45 
26.6 
26.0 
27.25 

27.6 
28.25 
28.8 
29,3 
29.7 

29.4 
29.45 
29.4 
29.35 
29.16 

29.06 

28.6 

28.1 

27.6 

26.95 

26.65 
26.1 
25.6 
25.06 
24  65 

24.2 
2a  65 
22.8 
22.06 
2L36 

20.0 
19.8 
19.4 
19.05 

lao 

ia85 
18.5 
18.45 
18.3 
18.06 

18.06 
18.35 
18.35 
1R.35 
18.85 

20.4 

19.35 

19.1 

19.85 

ia96 

19.5 

19.5 

19.6 

2L25 

2L75 

21.06 
2a9 
2a4 
2a  36 
2L66 

22.46 
23.3 
2a7 
2a5 
22.3 

21.2 
20.35 
19.85 
19.55 
19.2 

17.35 
17.1 
17.06 
16.9 
16.8 

16.8 
16.7 
16.6 

ia5 

16.4 

16.3 
16.3 
16.8 
16.36 
16.36 

16.6 

16.45 

16.4 

16.46 

16.4 

16.0 
16.0 
15.9 
15.86 
15.8 

15.8 
15.8 
15.8 
15.8 
15.8 

16.75 
16.76 
15.8 
16.8 
15.8 

15.9 
15.96 
15.9 
15.0 
16.0 

15.8 

2 

15.05 

3 

lao 

4 

iao6 

5 

16.0 

6 

lao 

7 

lai 

8 

16.2 

9 

lai 

10 

lao 

11 

16.0 

12 

16.0 

13 

16.0 

14 

16.0 

16 

16wO 

16 

15.7 

17 

15.5 

18 

15.3 

19 

15.25 

20 

15.3 
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Daily  gage  height  ^  in  feet,  of  Colorado  River,  at  Yuma,  Ariz.,  for  1909 — Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

21 

19.35 

19.2 

19.1 

19.25 

2a4 

20.35 
2a  85 
20.55 
20.55 
2a5 
22.0 

20.15 
20.2 
2a3 
2a  45 
2a  76 

2a  25 
20.0 
19.9 

2a  65 
2a  65 
21.0 
2t3 
2L65 

21.6 

21.6 

21.5 

21.56 

22.15 

24.3 

2L25 
21.25 
21.55 
22.8 
23.7 

24.3 
24.65 
24.65 
24.15 

23.85 

26.2 
26.3 
26.2 
25.95 
25.75 

26.6 

25.55 

25.75 

26.85 

26.0 

28.35 

30.06 
30.25 
3a6 
3a  76 
30.75 

30.66 

30.45 

30.1 

29.86 

29.65 

2a7 

20.05 

19.8 

19.45 

19.1 

18.9 

19.1 

18.95 

1ft  36 

19.75 

19.86 

1ft  8 
20.65 
20.46 
2L0 
2L1 

2L16 
20.5 

2ai 

1ft  35 
1ft  45 
1ft  9 

18.85 
18.6 
18.35 
18.2 
18.05 

17.8 

17.7 

17.6 

17.66 

17.4 

16.4 
16.4 
16.4 
16.3 
16.3 

16.3 

16.3 

16.25 

16.1 

16.0 

16.0 

16.96 

15.9 

16.9 

16.95 

16.05 

16.0 
16.0 
15.96 
15.96 
16.85 

15.16 

22 

16.2 

23 

15.25 

24 

15.3 

25 

15. 3 

26 

15.3 

27.            .  . 

16.15 

28 

16.0 

29 

14.9 

30 

14.76 

31 

14.6 

Daily  discharge,  in  second-feet,  of  Colorado  River  at  Yuma,  Ariz,,  for  1909, 


Day. 


1. 
2.. 
3.. 
4.. 
5.. 

6.. 
7.. 
8.. 
9.. 
10.. 

11.. 
12.. 
13. 
14. 
16. 

16. 
17.. 
18.. 
19.. 
20. 

21.. 
22.. 
23.. 
24.. 
26.. 

26.. 
27. 
28. 
29. 
30. 
81. 


Jan. 


7,800 
7,100 
6,100 
6,000 
6,900 

6,800 
6,000 
6,100 
6,100 
6,100 

6,200 
6,800 
5,900 
6,100 
6,200 

6,300 
6,400 
7,400 
8,100 
11,900 

ia600 
9,900 
9.400 
10,200 
15,300 

15,100 
21,300 
17,100 
17,100 
17,600 
31,600 


Feb. 


25,100 
21,100 
18,100 
14,900 
15,600 

16,300 
14,400 
14,000 
12,300 
11,900 

12,000 
12,000 
13,800 
11,400 
11,400 

12,000 
11,800 
13,500 
12.800 
12,800 

12,300 
12,600 
12,200 
13,700 
16,800 

12.600 
12,000 
11,600 


Mar. 


11.400 
13,200 
12,000 
12,700 
12,900 

12.900 
13,400 
11,100 
12.000 
11,600 

11,800 
12,600 
16,700 
16,600 
17,600 
17,500 
18,700 
17,200 
16,100 
16,600 

14,800 
14.800 
14,600 
17,200 
18,200 

18,700 
17,700 
17,700 
16,900 
21,700 
36,900 


Apr. 


43,800 
37,600 
33,500 
31,100 
29,400 

26,600 
25,800 
24,700 
25,100 
22,800 

28,600 
26,600 
26,600 
26,600 
26,700 

25,900 
22,100 
20,300 
21,200 
22,100 

21,900 
21,600 
23,800 
34,100 
41,300 

44.400 
46,800 
46.100 
43,400 
41,600 


May. 


39,400 
36,900 
32.400 
33,600 
39,200 

41,700 
40,000 
37,200 
36,800 
87,400 

38,500 
43,000 
47,200 
49,000 
61,800 

55,600 
61,500 
66,000 
66,400 
70,400 

68,600 
69,100 
68,500 
64.700 
61,700 

65,400 
66,400 
70.400 
72,400 
72.300 
73,900 


June.   July, 


76,100 
76,600 
76,700 
77,200 
77,200 

78,700 
79,200 
79,200 
78,700 
77,700 

76.900 
77,100 
78.500 
81,300 
86,200 

90.700 
103.700 
114,900 
124.900 
127,600 

134,500 
138,700 
144.200 
149,500 
148,000 

146,000 
142,700 
138,300 
135.200 
133.100 


130,200 
133,000 
132,400 
133,700 
132,300 

133,000 
124,700 
115,400 
110,000 
102,000 

98,500 
93.500 
88.100 
80,800 
76,200 

71,700 
66,300 
62,700 
60,200 
54,600 

48,700 
43,500 
40,300 
36,000 
34,600 

34,400 
39.200 
40,700 
47.700 
.•>1.800 
52,800 


Aug. 


61.600 
48,500 
43.300 
39,200 
38,700 

39,600 
33,000 
34,200 
32.300 
29,300 

25,000 
29,600 
29,600 
29,600 
34,900 

47,400 
42,800 
39.600 
42.700 
42,300 

40,200 
47,700 
48,500 
54,100 
62,400 

50,200 
47,600 
46,500 
40,800 
40,800 
43,100 


Sept. 


39.800 
39.300 
47,800 
66,200 
65,700 

66,200 
61,000 
52,000 
65,200 
67,300 

77,500 
87,700 
93,200 
91,500 
77,800 

63,700 
50,700 
39,600 
37,800 
35,500 

33,300 
31,100 
28,000 
27.700 
26,600 

24,400 
23.600 
22,600 
22,300 
21,300 


Oct. 


20,700 
19,200 
18,800 
17,800 
17,200 

17,000 
16,100 
16,300 
14.500 
13,900 

13,600 
13,500 
13,100 
13,100 
12,800 

13,700 
13,300 
13.000 
13.600 
13,200 

12,900 
12,800 
12,700 
12.200 
12,100 

12,000 
11,700 
11.200 
11,000 
11,000 
11,000 


Nov. 


10,900 
10.900 
10,100 
9,800 
9,600 

9,600 
9,500 
9,400 
9,300 
9,000 

8,300 
8,300 
9,100 
8,800 
8,400 

9,000 
9,700 
9,100 
9,200 
9,400 

9,900 
9,400 
9,300 
9,600 
10,600 

9,800 
9,500 
9,400 
9,500 
9,000 


Dec 


8.800 
9,800 
9,900 
10,100 
9,900 

10,000 
10,800 
11,900 
11,600 
10,900 

10,900 
10,700 
10,400 
10,200 
9,900 

9,300 
8,400 
7,300 
7,000 
6,800 

6.600 
6,700 
6,800 
6,800 
6.600 

6,800 
6,200 
6,700 
5,300 
4,600 
4,100 


Note.— Tbese  diacbarges  were  obtained  by  the  indirect  method  for  shifting  channels. 

Monthly  discharge  of  Colorado  River  at  Yuma,  Ariz.,  for  1909. 
[Drainage  area,  226,000  square  miles.) 


Month. 


Discharge  in  second-feet. 


Maximum. 


Minimum. 


Mean. 


Per 
square 
mile. 


Run-off. 


Depth  in 
inches  on 
drainage 


Total  fai 
acre-feet. 


January 

February 

March. 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


31,500 
25,100 
35,900 
46.800 
73.900 
149.500 
133.700 
54,100 
93.200 
20.700 
10,900 
11,900 


6,800 
11,400 
11,100 
20.300 
32,400 
75,100 
34,400 
25,000 
21,300 
11,000 
8.300 
4,100 


10,000 
13,900 
15,900 
30,300 
64,100 
106,000 
79,600 
40,800 
48,500 
14,000 
9,440 
8,410 


a044 
.062 
.071 
.135 
.240 
.467 
.354 
.181 
.216 
.062 
.042 
.037 


ao6 

.06 
.06 
.15 
.28 
.62 
.41 
.21 
.24 
.07 
.05 
.04 


616.000 

772,000 

978,000 

1,800,000 

8,330,000 

6,250,000 

4,890,000 

2,510,000 

2,890,000 

861,000 

562,000 

517,000 


149,500 


4.100 


36,800 


.169 


Z16 


26,000,000 
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48  SURFACE   WATER  SUPPLY,   1909,  PART  IX. 

SALTON   SINK. 
SALTON   SEA   NEAR   SALTON,  CAL. 

Salton  Sink  originally  formed  a  part  of  the  Colorado  Desert,  which 
extends  northwestward  almost  100  miles  from  the  California-Mexico 
boundary  line  and  comprises  an  area  of  neariy  2,000  square  miles. 
This  desert  comprises  two  fertile  valleys,  one  to  the  northwest  of  the 
sink,  in  Riverside  County,  known  as  the  Coachella  Valley,  and  the 
other  to  the  southeast  of  the  sink,  in  Imperial  County,  called  the 
Imperial  Valley.  Salton  Sea,  which  now  partly  fills  the  sink,  lies 
between  the  two  valleys,  being  partly  in  Riverside  County  and  partly 
in  Imperial  County.  It  is  about  160  miles  southeast  of  Los  Angeles, 
90  miles  northwest  of  Yuma,  and  50  miles  north  of  Calexico.  The 
longer  diameter  of  the  sea  trends  northwest  and  southeast.  On 
December  31,  1908,  its  surface  was  206  feet  below  mean  sea  level,  its 
length  was  nearly  45  miles,  its  maximum  width  about  15  miles,  its 
minimum  width  9.5  miles,  its  maximum  depth  67.5  feet,  and  its  super- 
ficial area  about  443  square  miles. 

During  the  high  water  of  the  summer  of  1891  the  Colorado  over- 
flowed into  Salton  Sink  to  such  an  extent  as  to  endanger  the  Southern 
Pacific  Railroad  at  its  lowest  point.  In  the  summer  of  1905,  after  a 
succession  of  winter  and  spring  floods  in  Gila  River  followed  by  an 
exceptionally  heavy  smnmer  flow  in  the  Colorado,  the  flood  into  the 
sink  was  repeated  on  a  much  larger  scale.  The  old  river  channel  occu- 
pied by  Alamo  River  was  transformed  into  a  deep  wide  gorge,  and 
another  channel,  now  called  New  River,  was  formed.  The  flood  did 
great  damage  to  the  tracks  of  the  Southern  Pacific  Railroad,  to  the 
plant  of  the  New  Liverpool  Salt  Co.  below  Mecca,  and  to  the  ranches 
in  the  vicinity. 

Gage-height  records  kept  by  the  New  Liverpool  Salt  Co.  from 
November,  1904,  to  February  26,  1906,  show  the  actual  depth  of  the 
water  above  the  lowest  portion  of  the  sink.  February  23,  1906,  the 
Government  installed  a  gage  at  the  same  datum,  about  half  a  mile 
west  of  Salton  railroad  station  and  3  miles  southeast  of  the  old  Salton 
station.  This  gage  was  destroyed  by  waves.  The  Southern  Pacific 
Co.  had  graduated  a  trestle  bent  across  Salt  Creek  about  2 J  miles  east 
of  Salton,  using  the  company's  datum;  the  zero  of  this  gage  is  273.5 
feet  below  mean  sea  level  as  determined  from  United  States  Geological 
Survey  bench  marks,  or  at  an  elevation  of  280.3  feet  below  sea  level 
according  to  the  Southern  Pacific  Co. 

Practically  all  the  water  received  by  Salton  Sea  enters  through 
Alamo  and  New  rivers,  but  chiefly  through  the  former.  These  rivers 
run  through  Imperial  Valley  and  are  the  drainage  channels  for  the 
excess  and  waste  water  fjvm  the  irrigation  system  and  from  the 
power  plaij^tSf 
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The  following  tables  show  the  fluctuation  of  the  surface  of  Salton 
Sea: 

Daily  gage  height,  in  feet,  of  Salton  Sea  near  Salton,  Cal.,/or  1909. 

\J.  A.  Jeffreys  and  BeE^.  C.  Kedel,  obeervets.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Dec. 

1 

67.45 
67.45 
67.45 
67.45 
67.45 

67.45 
67.4 
67.4 
67.4 
67.4 

67.45 
67.45 
67.46 
67.45 
67.45 

67.45 
67.45 
67.45 
67.45 
67.45 

67.45 
67.4 
67.4 
67.4 
67.4 

67.4 
67.4 
67.4 
67.4 
67.4 
67.4 

67.4 
67.4 
67.4 
67.4 
67.4 

67.4 

67.36 

67.35 

67.36 

67.3 

67.3 
67.3 
67.3 
67.3 
67.3 

67.3 
67.3 
67.3 
67.3 
67.3 

67.3 
67.3 
67.3 
67.3 
67.3 

67.26 
67.25 
67.25 

67.26 
67.26 
67.26 
67.26 
67.2 

67.2 
67.2 
67.2 
67.2 
67.16 

67.15 

67.16 

67.1 

67.1 

67.1 

67.1 

67.1 

67.1 

67.05 

67.05 

67.05 
67.06 
67.05 
67.05 
67.05 

67.06 

67.06 

67.06 

67.06 

67.0 

67.0 

67.0 
67.0 
67.0 
67.0 
66.06 

66.96 
66.95 
66.96 
66.96 
66.96 

66.9 
66.9 
66.9 
6&9 
66.9 

66.9 

66.9 

66.85 

66.85 

66.85 

6a8 
66.8 
66w8 
66.8 
66.8 

66.76 
66.76 
66.76 
66.76 
66.7 

66.7 
66.7 
66.7 
66.7 
66.7 

66.7 

66.7 

66.7 

66.66 

66.66 

66.66 
66.66 
66.65 
66.65 
66.66 

66.6 
66.6 
66.6 
66.6 
66.6 

66.6 

66.6 

66.66 

66.55 

66.6 

66.45 

66.46 

66.4 

66.36 

66.3 

66.3 

66.26 

66.26 

66.26 

66.2 

66.2 

66.16 

66.1 

66.1 

66.15 

66.16 

66.15 

66.15 

66.15 

66.1 

66.1 

66.1 

66.05 

66.05 

66.0 

66.0 

66.0 

66.0 

66.0 

65.96 

66.96 

66.96 

66.96 

65.96 

65.9 

65.9 

66.9 

65.96 

66.85 

66.8 

65.8 

65.76 

66.76 

65.76 

66.7 

66.7 

66.7 

65.7 

66.66 

66.66 

66.66 

65.65 

66.6 

65.66 

65.65 

66.55 

65.65 

65.65 

65.66 

65.6 

66.46 

66.46 

66.4 

65.36 

66.36 

66.35 

66.3 

66.3 

66.26 

66.2 

66.2 

66.2 

65.16 

66.35 

66.3 

66.3 

66.25 

66.25 

66.25 

66.2 

66.2 

65.2 

65.26 

65.15 

65.2 

65.2 

66.16 

65.2 

66.15 

65.15 

66.15 

65.16 

66.1 

65.1 

66.1 

65.1 

65.16 

65.26 

66.35 

65.3 

65.25 

66.3 

65.26 

65.26 

66.3 

66.26 

66.26 

66.25 

66.2 

65.16 

65.1 

65.06 

65.06 

66.06 
66.0 
66.0 
65.0 
64.96 

64.9 
649 
649 
649 
64  86 

64  86 
648 
648 
64  76 
64  76 



647 
64  66 
646 
646 
64  66 

64  66 
646 
646 
646 
64  45 

64  45 
64  45 
644 
644 
644 

64  36 
64  35 
643 
643 
643 

643 
64  26 
64  26 
64.26 
64  25 

642 
642 
642 
642 
642 
642 

641 
641 
641 
64  06 
6406 

64  06 
64  06 
640 
640 
63.96 

63.96 

63.9 

63.9 

63.9 

63.86 

63.8 

63.8 

63.76 

63.75 

63.75 

63.76 

63.7 

63.7 

63.76 

63.76 

63.76 

63.7 

63.7 

63.7 

63.66 

63.65 

2 

63.65 

3 

63.66 

4 

63.66 

6 

63.0 

6 

63.6 

7.            

63.65 

8 

63.65 

9 

63.6 

10 

63.56 

11 

63.65 

12 

63.65 

13 

63.66 

14 

63.66 

15 

63.66 

16 

63.6 

17 

63.6 

18 

63.6 

19 

63.6 

20 

63.6 

21 

63.46 

22 

63.45 

23 

63.45 

24 

63.45 

26 

63.4 

26 

63.4 

27 

63.4 

28....^ 

29 

63.4 
63.4 

30 

63.4 

31 

63.4 

Month. 


Monthly  rise  of  Salton  Sea  near  Salton,  Cal.,/or  1904-1909. 


1904. 

November. 
December. 

1906. 

January... 
February.. 

March 

AprU 

May 

June 

July 

August 

September. 
October. . . 
November. 
December. 

1906. 

January... 
February.. 

March 

April 

May 

June 


Month- 
ly rise. 


FeH. 

0.6 

.2 


1.4 
1.6 
.8 
1.2 
1.0 
2.2 
44 
Z2 
1.2 
1.4 
1.6 
2.9 


1.1 
1.8 
i7 
6.6 

8.7 
16.4 


Total 
rise. 


Feet. 
"6.8 


2.2 
3.8 
46 
6.8 
6.8 
9.0 
13.4 
15.6 
16.8 
ia2  , 
19.8  ! 
22.7 


23.8 
26.6 
28.3 
33.9 
42.5 
67.9 


Month. 


1906. 

July 

August — 
September. 
October... 
November. 
December. 

1907. 

January... 
February.. 

March 

April 

May 

June 

July 

August 

September. 
October. . . 
November. 
December. 

1006. 

January... 
Februaiy.. 


Month- 

Total 

ly  rise. 

rise. 

Fed. 

FeH. 

S.6 

66.6 

2.9 

60.4 

.9 

70.3 

1.2 

71.6 

-  .2 

71.3 

1.2 

72.6 

2.8 

75.3 

.7 

76.0 

-  .1 

76.9 

-  .3 

76.6 

-  .6 

76.1 

-  .4 

74  7 

-  .2 

746 

-  .3 

742 

-  .7 

73.6 

-  .4 

73.1 

-  .6 

72,6 

-  .3 

72.3 

.0 

72.3 

-  .1 

72.2 

Month. 


1906. 

March 

ADril 

May 

June 

July 

August 

September. 
October — 
November.. 
December.. 

1909. 

January — 
Febniwry... 

March 

April 

May 

June 

July 

August 

September. 

October 

November.. 
December.. 


Month- 
ly rise. 


Feet. 
-a  2 

-  .4 

-  .6 

-  .6 

-  .6 

-  .6 

-  .8 

-  .7 

-  .3 

-  .2 


.0 

-  .15 

-.26 

-  .3 

-  .4 

-  .4 

-  .6 

-  .06 

-  .6 

-  .56 

-  .86 

-  .25 


Total 
rise. 


Feet. 
72.0 
71.6 
71.0 
7a6 

7ao 

09.4 
68.6 
67.9 
67.6 
67.4 


67.4 

67. 2S 

67.0 

66.7 

66.3 

66.9 

66.3 

66.26 

64  75 

642 

63.66 

63.4 


96620^— W8P  269—11- 
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ALAMO   RIVER   NEAR   BRAWLEY,    CAL. 

During  1908  discharge  measurements  were  made  on  Alamo  River 
at  a  highway  bridge  3i  miles  east  of  Brawley,  Cal.,  by  H.  R.  Edwards, 
engineer  for  the  New  Liverpool  Salt  Co.*  During  1909  measure- 
ments were  made  by  engineers  of  the  United  States  Geological  Sur- 
vey. On  June  24,  1909,  a  continuous  record  of  gage  heights  was 
commenced  at  this  point.  The  staff  gage  is  spiked  vertically  to 
a  pile  in  the  left  abutment  of  the  bridge.  The  datum  of  the  gage 
has  remained  the  same  during  the  maintenance  of  the  station.  All 
discharge  measurements  are  made  from  the  bridge. 

The  data  obtained  at  this  station,  together  with  those  obtained 
on  New  River,  show  the  amount  of  waste  water  reaching  Salton  Sea 
and  are  of  value  in  connection  with  experiments  being  made  by  the 
United  States  Weather  Bureau  for  determining  the  evaporation  from 
Salton  Sea. 

Conditions  for  obtaining  accurate  discharge  data  are  poor.  The 
channel  is  constantly  scouring  or  fiUing  as  the  stage  fluctuates. 
Both  banks  are  high  and  well  above  overflow. 

Discharge  measurements  of  Alamo  River  near  Brawley ^  CaL,  in  1909. 


Ilydrographer. 


Hardy  and  Jones 
W.F.Martin.... 

do 

A.  H.  Koeblg,  jr. 
do 


Width. 

Area  of 
section. 

Gage 
height 

Feet. 

Sq.ft. 

Feel. 

55 

91 

6.01 

65 

128 

5.40 

56 

120 

6.26 

60 

175 

6.00 

55 

82 

4.70 

Dto- 
charge. 


*8ec-fL 
213 
401 
290 
675 
164 


Daily  gage  height^  infeet^  of  Alamo  River  near  Brawley ^  Cal. ^  for  1909. 
[Mrs.  Flora  Helmar,  observer.] 


Day. 


1. 
2. 
3. 
4. 
6. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14.. 
15.. 


June. 


luly. 


5.95 

5.8 

6.9 

6.86 

6.9 

6.7 

5.6 

5.4 

6.36 

6.4 

6.65 
5.6 
5.45 
5.15 

4.8 


Aug. 


6.6 

5.45 

5.3 

5.36 

6.2 

6.3 

6.3 

6.35 

6.4 

6.35 

5.15 

5.0 

5.06 

6.3 

5.46 


Sept. 


8.0 
7.6 
7.1 
6.8 
6.3 

4.96 

5.1 

5.55 

6.3 

6.2 

6.0 

6.0 

6.4 

6.85 

6.8 


Oct. 


5.8 

6.76 

6.65 

5.45 

6.75 

6.65 

5.6 

5.65 

6.65 

6.36 

5.26 

5.25 

5.2 

6.1 

5.05 


Nov. 


6.4 

5.35 

5.46 

5.45 

6.3 

5.3 

6.26 

6.35 

6.15 

6.2 

5.25 

6.2 

6.26 

6.35 

6.36 


Dec. 


6.66 

6.45 

5.4 

6.4 

6.45 

6.46 

5.4 

6.4 

6.5 

6.8 

6.8 
6.1 
6.1 
5.8 
5.8 


Day. 


21.. 
22.. 
23.. 
24.. 
25.. 


26... 
27... 
28... 
29..., 
30..., 
31..., 


June. 


6.6 
5.65 

5.8 

5.65 

5.9 

5.95 

5.96 


July. 


4.7 

4.8 

4.95 

5.05 

4.85 

4.8 

4.95 

4.75 

4.65 

5.45 

5.46 

4.9 

4.85 

4.95 

5.2 

6.3 


Aug. 


6.95 

7.65 

7.65 

8.3 

8.1 

7.9 

8.4 

8.36 

8.4 

8.4 

8.5 

8.4 

7.8 

6.96 

6.96 

7.15 


Sept. 


5.4 

6.2 

5.15 

5.0 

5.26 

5.7 

6.6 

6.35 

5.4 

6.46 

6.56 

5.66 

5.8 

5.85 

6.2 


Oct. 


5.0 

6.05 

5.16 

5.2 

6.2 

6.25 

5.26 

5.2 

6.2 

5.16 

6.16 

6.2 

5.1 

5.2 

5.3 

5.3 


Nov. 


5.4 

6.36 

6.36 

6.6 

6.66 

5.46 

5.6 

5.35 

5.3 

5.4 

5.55 

5.6 

6.76 

5.8 

5.8 


Dec. 


6.85 
6.65 
6.45 
6.35 
6.2 

5.15 

5.3 

5.2 

5.2L 

5.66 

5.55 

5.65 

6.35 

5.0 

4.85 

4.55 


I  These  measurements  were  published  in  Water-Supply  Paper  249,  p.  62. 
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Daily  discharge^  in  second-feet ,  of  Alamo  River  near  Brawley,  Cal.^far  1909. 


Day. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

604 
539 
582 
560 
582 

496 
410 
368 
348 
368 

474 
453 

389 
278 
194 

410 
389 
328 
348 
293 

328 
328 
348 
368 
348 

278 
237 
250 
328 
389 

1,480 

1,310 

1,100 

969 

754 

226 
263 
432 
754 
711 

625 
625 
797 
560 
539 

539 
518 
474 
389 
618 

432 
'453 
474 
474 
348 

310 
310 
293 
263 
250 

368 
348 
389 
389 
328 

328 
310 
348 
278 
293 

310 
293 
310 
348 
318 

474 
389 
368 
368 
380 

389 
368 
368 
410 
539 

539 
668 
668 
539 
539 

16.... 

176 
194 
226 
250 
204 

194 
226 
185 
168 
389 

389 
214 
204 
226 
293 
328 

604 
1,330 
1,330 
1,610 
1,530 

1,440 
1.660 
1,640 
1,660 
1,660 

1.700 
1,660 
1,400 
604 
604 
1,120 

368 
293 
278 
237 
310 

496 
453 
348 
368 
389 

432 
474 
539 
560 
711 

237 
250 
278 
293 
293 

310 
310 
293 
293 
278 

278 
293 
263 
293 
328 
328 

368 
348 
348 
410 
474 

389 
453 
348 
328 
368 

432 
453 
518 
639 
639 

560 

2  ... 

17.... 

432 

3 

18 

389 

4  .  . 

19.... 

348 

5 

20.... 

293 

6 

21..-. 

278 

7 

22.... 

328 

8 

23.... 

293 

9.... 

24.... 
25.... 

26.... 
27.... 
28.... 
29.... 
30.... 
31 ... . 

410 
474 

539 
474 
582 
604 
604 

310 

10 

432 

11 

432 

12  ... 

474 

13... 

348 

14 

237 

15.... 

204 

153 

NoTK.— These  discharges  are  based  on  a  rating  curve  that  Is  fairly  well  defined  between  discharges  of 
100  and  1,050  second-feet. 

Monthly  discharge  of  Alamo  Rii^er  near  Brawley,  Cal.,  for  1909. 


Month. 


June  24-30.. 

July 

August 

September. 

October 

November.. 
December. . 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean. 


604 
604 
1,700 
1,480 
539 
539 


The  period. 


410 
168 
237 
226 
237 
278 
153 


529 
339 
856 
580 
344 
377 
404 


Run-off 
(total  in 
acre-feet). 


7,340 
20,800 
52,600 
34,500 
21,^200 
22,400 
24,800 


184,000 


Accu- 
racy. 


NEW   RIVER   NEAR   BRAWLEY,  CAL. 

During  1908  discharge  measurements  were  made  at  a  wagon  bridge 
over  New  River,  IJ  miles  west  of  Brawley,  Cal.,  by  H.  R.  Edwards, 
engineer  for  the  New  Liverpool  Salt  Co.*  During  1909  measurements 
were  made  by  engineers  of  the  United  States  Geological  Survey. 
On  June  24, 1909,  a  continuous  record  of  gage  heights  was  begun  at 
this  point.  The  staff  gage  is  spiked  vertically  to  the  third  bridge 
pile  from  the  right  bank.  The  datum  of  the  gage  has  remained 
the  same  during  the  maintenance  of  the  station.  At  high  stages 
discharge  measurements  are  made  from  the  bridge,  but  at  medium 
and  low  stages  measurements  are  made  by  wading  near  the  bridge. 

The  data  obtained  at  this  station,  together  with  those  obtained 
on  Alamo  River,  show  the  amount  of  waste  water  reaching  Salton 
Sea  and  are  of  value  in  connection  with  experiments  being  made  by  the 
United  States  Weather  Bureau  to  determine  the  evaporation  from 
Salton  Sea. 

»  Those  measurements  were  published  in  Water-Supply  Paper  249,  p.  52. 
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Conditions  for  obtaining  accurate  discharge  data  are  exceedingly 
poor.  The  great  amount  of  fine  silt  carried  by  this  stream  causes 
continual  changes  in  the  channel.  The  current  is  light  at  low  stages. 
Floods  occur  at  long  intervals  and  are  extremely  torrential. 

Conditions  at  this  station  during  1909  were  fairly  good  up  to  the 
middle  of  August,  when  heavy  rains  fell  in  the  Imperial  Valley  and 
surrounding  country.  A  considerable  flood  occurred  on  New  River, 
washing  out  the  earth  approaches  to  the  bridge,  and  changing  the 
channel  so  completely  that  measurements  made  prior  to  August  are 
not  comparable  with  those  that  will  be  made  later.  Probably  the 
channel  was  fairly  stable  after  October  1,  1909,  but  sufficient  dis- 
charge measurements  have  not  been  made  to  define  the  new  rating 
curve.     Estimates  of  flow  are,  therefore,  withheld. 

Discharge  measurements  of  New  River  near  Brawley^  Cal.y  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

OaKe 
height. 

Dis- 
charge. 

Jan      8 

Hardy  and  Jones 

Feet. 
23 
25.1 
58 
48.9 

32 
66 
53 

Feet. 

"6.66' 
6.31 
6.18 

Sec.-ft. 
46 

Jan.    14 
June  24 
July  30 

H.A.Jones 

W.F.Martin 

do 

47 
80 
63 

Note.— .\11  measurements  were  made  from  downstream  side  of  wagon  bridge. 

Mean  daily  gage  heighty  in/eet^  of  New  Hirer  near  Brawley^  Cat. ^  for  1909. 
[Herschell  Darnell,  observer.] 


Day. 


2... 
3... 
4... 
5... 


9 
10. 


12 

13.. 

14. 

15. 


June. 


July. 


6.15 

6.1 

6.1 

6.15 

6.1 

6.1 

6.1 

6.15 

6.2 

6.2 

6.2 
6.2 
6.2 
6.2 
6.2 


Aug. 


6.2 

6.2 

6.25 

6.25 

6.25 

5.9 
5.9 
5.9 
5.9 
5.9 

5.9 

6.2 

7.15 

7.0 

6.9 


Sept 


6.8 

6.15 

5.5 

5.5 

5.5 

5.6 
5.6 
5.3 
5.3 
5.3 

5.2 
5.1 
5  0 
5.1 
5.0 


Oct. 


5.0 
4.9 
4.95 
4.8 

4.8 

4.8 
4.8 
4.8 
4.8 
4.7 

4.7 
4.7 
4.7 
4.7 
4.7 


Nov. 


4.9 

4.85 

4.85 

4.9 

4.9 

4.9 
4.9 

4.85 
4.8 
4.8 

4.8 
4.8 
4.8 
4.8 
4.9 


Dec. 


Day. 


16.. 
17.. 
18.. 
19.. 
20.. 

21.. 
22.- 
23.. 
24.. 
25.. 

26.. 

27 

28.. 

29.. 

30.. 

31.. 


JuneL  July. 


6.3 
6.3 

6.3 
6.25 
6.3 
6.25 
6.2 


6.2 

6.26 

6.25 

6.0 

5.9 

5.9 

5.85 

5.8 

5.8 

6.0 

6.05 

6.1 

6.15 

6.2 

6.2 

6.2 


Aug. 


6.85 

6.8 

6.8 

7.1 

7.05 

6.75 

6.6 

6.6 

6.3 

5.95 


a9.2 
8.75 


Sept 


5.0 
5.0 
6.0 
6.0 
5.0 

5.0 
5.0 
5.0 
5.0 
4.95 

5.0 
4.95 
5.05 
5.0 
4.9 


Oct 


4.7 
4.7 
4.7 
4.7 
4.7 

4.7 
4.7 
4.7 
4.7 
4.7 

4.7 

4.7 

4.7 

4.65 

4.5 

4.5 


Nov. 


4.9 

4.9 

4.9 

4.85 

4.9 

4.9 

4.9 

4.9 

4.86 

4.9 

4.9 
4.8 
4.9 
4.9 
4.8 


Dec 


4.8 

4.8 

4.06 

4.85 

4.0 

5.16 

5.0 

6.0 

4.0 

5.0 

4.0 
4.0 
5.0 
5.0 
5.1 
5.1 


a  Estimated.    Maximum  gage  height  was  12.5  feet 

TRIBUTARY  BASINS. 

DUCHESNE  BIVEB  BASIN. 

DESCRIPTION. 


Duchesne  River  rises  in  the  high  peaks  of  the  Uinta  and  Wasatch 
mountains  in  northeastern  Utah,  flows  for  about  100  miles  in  a 
general  southeasterly  direction,  and  enters  Green  "River  at  Ouray, 
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Utah,  about  3  miles  above  the  mouth  of  White  River.  The  stream 
has  a  total  drainage  area  of  4,000  square  miles.  Altitudes  range 
from  4,700  feet  at  the  mouth  of  the  river  to  more  than  13,000  feet  at 
the  summits  of  the  highest  peaks. 

The  principal  tributaries  of  the  Duchesne  are  Rock  (East)  Creek, 
Strawberry  River,  Lake  Fork,  and  Uinta  River. 

The  drainage  basin  of  the  upper  Duchesne  proper  is  mountainous. 
The  stream  emerges  from  the  mountains  at  the  mouth  of  Rock 
Creek,  at  an  elevation  of  about  6,000  feet.  From  the  mouth  of 
Strawberry  River  down  to  Lake  Fork  the  valley  of  the  Duchesne 
is  about  2  miles  in  average  width,  and  is  bordered  by  sandstone  bluffs 
approximately  200  feet  high.  The  bluffs  on  the  northern  side  of 
the  river  are  capped  by  heavy  deposits  of  coarse  gravel  and  cobble- 
stones. The  general  course  of  the  stream  throughout  this  stretch 
and  on  down  to  the  mouth  of  the  Uinta  is  easterly.  Along  the  lower 
course  of  the  stream  the  plateaus  on  each  side  of  the  stream  valley 
are  comparatively  low  and  can  be  easily  reached  by  irrigation  canals 
from  the  main  stream. 

Strawberry  River,  the  main  upper  tributary  of  the  Duchesne, 
drains  an  area  of  about  1,200  square  miles.  The  stream  rises  in  the 
Uinta  Mountains,  and  enters  the  Duchesne  at  Theodore.  Its  flow 
is  derived  chiefly  from  melting  snow,  except  during  the  late  summer, 
when  the  flow  comes  from  small  springs  well  distributed  over  the 
entire  drainage  basin.  The  upper  stream  basin  has  numerous  tribu- 
taries, particularly  from  the  north  and  west.  Among  the  most 
important  may  be  mentioned  Indian  Creek,  Bryant's  Fork,  Mud 
Creek,  Horse  Creek,  Sugar  Springs,  and  Co-op  Creek.  They  are  all 
short  and  fall  rapidly  until  they  reach  Strawberry  Valley,  through 
which  they  flow  sluggishly  in  well-defined  channels.  The  main 
stream  traverses  the  valley  from  north  to  south  and  is  very  sluggish. 
Indian  Creek  drains  a  small  portion  of  the  southern  slopes  of  the 
Uinta  Mountains.  Its  basin  comprises  smooth,  rolling  hills,  fairly  well 
timbered  with  pine  and  aspen.  The  normal  flow  is  derived  chiefly 
from  springs.  The  greater  part  of  the  precipitation  is  in  the  form  of 
snow,  which  covers  the  ground  for  six  or  eight  months  of  each  year. 
As  its  average  elevation  is  7,500  feet  above  sea  level,  Strawberry 
Valley  is  not  well  suited  for  agricultural  development,  but  is  excel- 
lently adapted  to  grazing.  At  the  mouth  of  the  river,  about  35  miles 
below  Strawberry  Valley,  the  elevation  is  about  5,500  feet,  and  the 
fall  in  that  distance  is,  therefore,  nearly  2,000  feet. 

Rock  Creek,  Lake  Fork,  the  Uinta,  and  its  most  important  tributary, 
the  Whiterocks,  head  in  a  series  of  small  lakes  in  tlie  Uinta  Mountains. 
These  lakes  are  fed  by  snow  that  exists  the  year  round  in  the  canyons 
and  on  the  lugh  slopes.     All  these  streams  drain  areas  mountainous 
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and  diflBicult  of  access  in  their  upper  portions,  and  all  of  them  emerge 
from  their  canyons  at  an  elevation  of  about  7,000  feet.  Rock  Creek 
continues  its  course  in  a  narrow  valley,  but  the  others  spread  out  so 
that  their  valleys  are  comparatively  wide,  and  the  adjoining  benches 
relatively  low. 

The  drainage  area  of  the  Duchesne  includes  about  1,400  square 
miles  of  forest  reserve,  of  which  about  1,000  square  miles  may  be 
classed  as  timbered  land  with  an  average  stand  of  over  3,000  feet 
b.  m.  to  the  acre.  The  principal  species  of  timber  are  Engelmann 
spruce  and  lodgepole  pine.  The  timbered  land  is  distributed  through 
the  areas  of  the  various  tributaries  about  as  follows:  Upper  Duchesne, 
120  square  miles;  Rock  Creek,  130  square  miles;  Strawberry  River, 
380  square  miles;  Lake  Fork,  190  square  miles;  Uinta  (above  White- 
rocks),  120  square  miles;  Whiterocks,  70  square  miles. 

Little  information  is  available  as  to  the  precipitation  in  this  basin. 
In  the  plains  portion  of  the  area  the  average  rainfall  is  probably  less 
than  10  inches;  in  the  middle  portion,  comprising  considerably  over 
half  the  area,  it  probably  averages  between  10  and  15  inches;  in  only 
a  small  part  in  the  high  mountains  is  there  an  annual  precipitation  in 
excess  of  20  inches,  and  at  Fort  Duchesne,  at  an  elevation  of  5,000 
feet,  a  record  extending  over  several  years  shows  a  mean  annual  rain- 
fall of  only  7  inches. 

The  winters  are  very  severe  throughout  this  basin.  In  the  high 
mountains  the  snowfall  is  heavy,  and  in  many  places  the  snow  lies 
through  the  whole  year.  In  the  hills  above  an  elevation  of  7,000  feet 
there  is  very  considerable  snowfall,  which  usually  forms  in  drifts  in 
canyons,  and  not  infrequently  the  snow  lies  for  extended  periods  in 
the  valleys  and  plateaus  of  the  more  open  country.  All  the  streams 
in  this  region  are  usually  covered  with  thick  ice  from  about  December 
1  to  April  1  of  each  year. 

At  the  present  time  the  water  in  these  streams  is  unused  except  for 
irrigation.  The  United  States  Indian  Service  has  constructed  a  series 
of  canals  diverting  water  for  irrigation  from  Lake  Fork,  the  Uinta, 
and  Whiterocks,  and  the  Duchesne  proper.  The  private  canal  sys- 
tems now  in  operation  are  small,  but  eventually  several  hundred 
thousand  acres  of  land  below  an  elevation  of  6,500  feet  will  be  brought 
under  irrigation.  Practically  no  storage  is  used  in  connection  with 
any  of  the  irrigation  systems  now  in  operation  or  imder  construction. 
As  the  moimtain  drainage  areas  of  all  the  main  tributaries  are  studded 
with  lakes,  reservoir  sites  can  easily  be  found  where  water  can  be  stored 
for  the  irrigation  of  the  valley  lands  (PI.  IV,  B).  It  is  believed  that 
the  entire  flow  from  the  drainage  basin  can  be  equalized  by  storage. 

The  United  States  Reclamation  Service  is  constructing  a  tunnel, 
with  a  capacity  of  500  second-feet,  which  will  divert  water  from  a 
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A.     DAM  SITE  FOR  RESERVOIR  ON  WILLIAMS  FORK.  GRAND  RIVER.  COLO. 


Ji.     RESERVOIR  SITE  ON  WEST  FORK  OF  LAKE  FORK  ABOVE  FORKS,  UTAH. 
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100,000-acre  reservoir  on  the  upper  Strawberry  across  the  divide  to 
the  headwaters  of  the  Spanish  Fork,  there  to  be  used  for  irrigation. 

At  the  present  time  there  are  no  water-power  plants  in  this  drain- 
age basin,  though  with  proper  storage  200,000  horsepower  could  be 
developed.  Very  little  water  will  be  diverted  for  irrigation  above  an 
elevation  of  6,500  feet,  and  as  most  of  the  reservoir  sites  are  at  an  ele- 
vation of  8,000  feet  or  more,  good  opportunities  for  power  develop- 
ment exist  above  irrigation  diversions.  Some  of  the  streams  have 
falls  of  100  to  150  feet  or  more  to  the  mile  along  these  stretches. 

None  of  the  records  of  stream  flow  in  this  basin  extend  back  of 
1899,  and  they  are  not  continuous  since  that  time.  The  driest  year 
for  which  records  are  available  was  1900,  although  1902  was  almost 
as  low.     The  year  of  greatest  average  run-off  was  1907. 

DUCHESNE   BIVER  AT   MYTON/  UTAH. 

This  station,  which  is  located  at  the  highway  bridge  at  Myton, 
Utah,  about  3  miles  below  the  mouth  of  Lake  Fork  and  about  15 
miles  above  the  mouth  of  the  Uinta  River,  was  established  October 
26,  1899,  to  determine  the  amount  of  water  available  for  storage  and 
irrigation.  The  records  show  practically  the  entire  run-off  of  the 
Duchesne  Basin  above  the  mouth  of  Uinta  River. 

Ditches  built  by  the  United  States  Indian  Office  divert  water  from 
this  stream  and  its  tributaries  for  irrigation  on  the  Uinta  Reservation. 
Water  is  also  diverted  by  private  enterprise  for  irrigation  outside  the 
limits  of  the  reservation. 

Results  at  this  station  are  affected  by  ice  for  about  four  months 
each  year,  and  during  this  period  it  is  usually  impossible  to  apply 
open-channel  ratings.  The  discharge  has  also  been  more  or  less 
affected  by  eddies  about  the  wooden  crib  piers  and  by  drift  lodged 
against  them. 

The  datum  of  the  gage  remained  practically  constant  from  the 
establishment  of  the  station  until  Jime  6,  1909,  when  the  river  cut 
a  new  channel  around  the  bridge  and  the  bridge  station  was  aban- 
doned. A  new  chain  gage  was  established  July  9,  1909,  about  one- 
fourth  of  a  mile  upstream  from  the  bridge  and  at  a  different  datum. 
This  gage  was  replaced  on  August  9,  1909,  by  another  chain  gage, 
100  feet  upstream  on  right  bank,  at  the  same  datum. 

There  was  no  bridge  or  cable  from  which  discharge  measurements 
could  be  made  during  the  latter  part  of  1909. 

1  Described  in  the  earlier  reports  as  the  Prioe  Road  Bridge  station. 
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D%$charffe  meoiuremenU  of  Duchesnt  River  at  Myton,  Utah,  in  1909, 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

aa«e 
hei^it. 

Dis- 
charge. 

Jan.  5  a 

R.  H.  Fletcher 

Feet, 
100 
114 
106 
105 
100 
100 
100 
102 
108 
108 
110 

313 
266 
267 
276 
598 
583 
639 
847 
872 
362 

Feet. 
6.44 
6.62 
6.72 
6.61 
6.62 

l:S 

6.68 
8.44 
8.50 
6.00 

8rc,-fl. 
460 

10a 

do 

574 

Feb.  15  a 

do 

483 

25a 

do 

396 

Mar.  15a 

..    .do 

462 

20 

do 

664 

ADr.14 

do 

558 

Apr.ij 

do 

1,240 

May  12 
26 

do 

3.340 

do 

3,380 

Dec.  22  ft 

..do 

630 

a  Made  through  ice. 
b  Made  through  Ice. 


Gage  height  refers  to  different  datum. 


NoTB.— On  Jan.  5  ice  was  1.6  feet  thick  under  gage;  Jan.  19  it  was  1.8  feet  thick;  Feb.  25,  2  feet  thick: 
Mar.  15,  2.8  feet  thick;  Mar.  29,  ice  on  edges  and  floating.    Dec.  22,  about  1  foot  thick,  with  slush  and 
*    '  ice. 

Daily  gage  height ,  in  feet,  of  Duchesne  River  at  My  ton,  Utahyfor  1909. 
[Alice  Todd,  observer.] 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

7.15 
7.0 
6.4 
6.2 
6.2 

6.3 

6.4 

6.4 

6.15 

6.1 

6.1 
6.1 
6.0 
5.9 
5.9 

6.8 
5.7 
5.65 
5.65 
6.6 

5.6 
5.6 
5.55 
5.55 
5.65 

5.5 
5.5 
5.5 
5.5 
5.45 

Oct. 

Nov. 

Deo. 

1 

5.75 
5.85 
6.06 
6.25 
6.0 

5.8 
5.8 
5.7 
5.65 
5.7 

5.7 
5.7 
5.65 
6.75 
5.8 

6.9 
6.05 
6.25 
6.3 
6.45 

6.4 
6.3 
6.3 
6.25 
6.35 

6.4 
6.7 
6.9 
7.0 
6.8 

6.65 

6.50 

6.65 

6.8 

7.1 

7.45 
7.55 
7.7 
7.96 
a  15 

8.3 

8.4 

8.35 

8.1 

8.0 

8.1 

ai 
ao 
ao 
a2 

a  4 
a  7 
a8 
a8 
a7 

ao 
a6 

as 

9.0 

a85 
ao 

a55 

a  8 

9.3 
9.8 
10.1 

10.36 

6.3 
6.2 
6.1 
6.0 
5.9 

5.9 
5.9 
5.9 
5.9 
5.85 

5.85 
5.8 
5.8 
5.8 
5.8 

5.8 
5.8 
5.85 
5.9 
6.06 

6.1 

6.2 

6.25 

6.1 

6.0 

5.9 
5.85 
5.8 
5.7 
5.7 
6.05 

5.4 
5.4 
5.4 
5.5 
5.5 

5.6 
5.4 
5.4 
5.4 
5.4 

5.45 
5.4 
5.4 
5.4 
5.4 

5.4 
5.4 
5.4 
5.4 
5.4 

5.35 
5.35 
5.35 
5.35 
5.35 

5.35 
5.35 
6.35 
5.35 
5.3 
5.3 

5.3 
5.3 
5.3 
5.3 
6.3 

5.3 
6.3 
5.3 
5.3 
6.3 

6.3 
5.3 
5.3 
5.3 
5.2 

5.2 

5.15 

5.1 

5.1 

5.25 

5.3 
6.3 
5.3 
5.3 
5.25 

5.2 
5.2 
5.15 
5.15 
5.15 

5.15 

2 

5.16 

3 

5.15 

4 

5.15 

6 

5.15 

6 

5.16 

7 

5.16 

8 

9  ..                              .  .  .  . 

10 

7.15 
7.0 
6.9 
6.8 
6.7 
6.6 

6.6 
6.5 

a5 

6.5 
6.6 

6.55 
6.4 
6.4 
6.45 

a4 

6.45 

6.6 

6.7 

6.6 

6.5 

6.46 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

20 

27 

28 

29 

30 

31 

'  Note.— Ice  conditions  durhig  January,  February.  March,  and  from  about  Dec  8  to  31;  gage  washed 
out  June  6.    New  gage  referred  to  new  datum,  instalied  on  July  10. 
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Daily  discharge^  in  second-feet,  of  Duchesne  River  at  My  ton,  Utah,  for  1909, 
[Alice  Todd,  observer.] 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

610 
662 
780 
908 
750 

636 
635 
585 
562 
585 

585 
585 
562 
610 
635 

600 
780 
908 
940 
1,040 

1,010 
940 
940 
908 
975 

1,010 
1,230 
1,390 
1,480 
1,310 

1,190 
1,080 
1,190 
1,310 
1,560 

1,920 
2,020 
2.200 
2.530 
2,820 

3,050 
3,220 
3,140 
2,740 
2,600 

2,740 
2,740 
2,600 
2,600 
2,890 

3,220 
3,790 
4,000 
4,000 
3,790 

3,590 
3,690 
4,000 
4,430 
4,100 
3,690 

3,600 
4,000 
6,130 
6,430 
7,310 

8,080 

1,960 
1,820 
1,700 
1,570 
1,440 

1,440 
1,440 
1,440 
1,440 
1,380 

1,380 
1,320 
1.320 
1,320 
1,320 

1,320 
1,320 
1,380 
1,440 
1,630 

1,700 
1,820 
1,890 
1.700 
1,570 

1,440 
1,380 
1,320 
1,200 
1,200 
1,630 

3,270 
3,020 
2,100 
1,820 
1,820 

1,960 
2,100 
2,100 
1,760 
1,700 

1.700 
1.700 
1,570 
1,440 
1,440 

1,320 
1,200 
1,150 
1,150 
1,090 

1,090 
1.090 
1,040 
1,040 
1,040 

980 
960 
980 
980 
928 

875 
876 
876 
980 
960 

980 
875 
875 
876 
875 

928 
875 
875 
875 
875 

875 
875 
876 
876 
875 

826 
826 
825 
825 
825 

825 
825 
826 
826 
775 
775 

776 
775 
776 
776 
775 

775 
775 
775 
776 
775 

775 
775 
775 
776 
685 

685 
645 
605 
606 
730 

776 
775 
776 
776 
730 

686 
685 
645 
645 
645 

645 

2 

645 

8 

645 

4 

645 

5 

645 

6 

645 

7 

646 

8 

9       

10 

3,270 

3,020 
2,860 
2.700 
2.550 
2,400 

2,400 
2,240 
2,240 
2,240 
2,400 

2.320 
2,100 
2,100 
2,170 
2,100 

2,170 
2,400 
2,550 
2,400 
2.240 
2,170 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

Note.— These  dischaives  are  baaed  on  rating  tables  applicable  as  follows:  Apr.  1  to  June  6.  ftiirly  well 
defined  between  500  ana  4,400  second-feet;  July  10  to  Dec  7,  defined  by  1910  measurements  between  300 
and  1,200  second-feet. 

Monthly  discharge  of  Duchesne  River  at  My  ton,  Utah,  for  1909, 
[Drainage  area,  2,750  square  miles.) 


• 

Discharge  in  second-feet. 

Run-off. 

Month. 

Maximum. 

Minimum. 

Mean. 

Per 
square 
mile. 

Depth  in 

inches  on 

drainage 

area. 

Total  in 
acre-feet. 

Accu- 
racy. 

April 

1,480 
4,430 

562 
1,080 

841 
2,850 
5,740 
2,410 
1,490 
1,520 
866 
731 
a637 

0.306 
1.04 
2.09 
.876 
.542 
.553 
,315 
.266 
.232 

0.34 
1.20 
.47 
.72 
.62 
.62 
.36 
.30 
.27 

50,000 
175,000 
68,300 
105,000 
91,600 
90,400 
53,200 
43,600 
39,200 

A. 

1& :::::::.:..: 

A. 

June  1-6 

B, 

July  10-31 

3,270 

1,960 

3,270 

980 

775 

2,100 

1,200 

928 

775 

605 

D. 

August 

C. 

Septembe^ 

C. 

October 

C. 

November 

C. 

December 

D. 

The  period 

n6,ooo 

o  Discharge  estimated  fh>m  Dec.  8  to  31  on  basis  of  ice  measurement  made  Dec  22. 
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STRAWBERRY  RIVER  ABOVE  MOUTH  OF  INDIAN  CREEK  IN  STRAWBERRY 

VALLEY,    UTAH.    . 

A  station  was  established  on  Strawberry  River  September  15,  1909, 
in  the  narrows  below  Strawberry  Valley,  about  3  miles  above  the 
mouth  of  Indian  Creek  and  about  half  a  mile  below  the  dam  site  of  the 
Strawberry  Valley  project,  to  determine  the  amount  of  water  available 
for  storage  from  Strawberry  River  for  the  Strawberry  Valley  project 
of  the  United  States  Reclamation  Service.  The  station  takes  the 
place  of  the  one  previously  maintained  below  Indian  Creek.  The  new 
station  is  about  35  miles  northeast  of  Thistle,  Utah,  the  nearest  rail- 
road point. 

The  vertical  staff  gage  is  on  the  right  bank  directly  underneath 
the  cable  from  which  discharge  measurements  are  made. 

Neither  bank  is  liable  to  overflow  except  in  extreme  high  water. 
The  stream  bed  consists  of  coarse  gravel  and  although  rough  is 
believed  to  be  fairly  permanent.  The  measuring  conditions  during 
the  open-water  season  are  good. 

As  to  the  lower  station  the  river  is  frozen  and  deeply  covered  with 
snow  about  five  months  of  the  year.  The  flow  during  the  winter  is, 
however,  fairly  constant  and  a  fair  estimate  of  it  may  be  made. 

The  following  discharge  measurement  was  made  by  E.  S.  Fuller: 

September  15, 1909:  Width,  44.5  feet;  area,  54.4  square  feet;  gage  height,  2.70  feet; 
discharge,  41.0  second-feet.    Made  by  wading. 

Daily  gage  height,  in  feet,  and  discharge,  in  second-feet,  of  Strawberry  River  above  moiUh 
of  Indian  Creek  in  Strawberry  Valley,  Utah,  for  1909. 


[J 

.C.Wart 

eld,  observer.] 

October. 

November. 

Day. 

October. 

November. 

Day. 

hei^t. 

Dis- 
charge. 

hei^^t. 

Dis- 
charge. 

Gaee 
height. 

Dis- 
charge. 

QBSfi 

height. 

Dis- 
charge. 

1 

37 
38 
39 
40 
41 

41 
41 
41 
41 
41 

41 
40 
39 
39 
38 

2.75 
2.7 

43 
43 
42 
42 
41 

41 
41 
41 
41 
41 

41 
41 
41 
41 
41 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 

37 
37 
37 
38 
38 

39 
39 
39 
39 
39 

39 
40 
40 
41 
41 
42 

'■■'ii' 

41 

2 

2.6 

41 

3..                  

2.65 

41 

4 

41 

5.    ..              

2.7 

41 

0 

41 

7 

2.7 

2.65 

41 

8 

41 

9. 

2.7 

41 

10 

2.65 

41 

11 

2.7 

41 

12 .   . 

41 

13 

2.65 

41 

14 

•41 

15 

2.7 

41 

Note.— The  dally  discharges  are  based  on  a  rating  curve  that  is  not  well  defined.    Ice  after  Nov.  15. 
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Monthly  discharge  of  Strawberry  River  in  Strawberry  Valley,  Utah,  for  1909. 


Month. 

Discbarge  in  second-feet. 

Run-off 
(total  in 
acre-feet). 

Mlnimimi. 

Mean. 

October 

42 
43 

37 
41 

30.4 
41.2 

4ao 

2,420 

November 

2,450 

December - 

2,460 

Note.— These  estimates  are  approximate. 

STRAWBEEEY  RIVER  BELOW  MOUTH  OP  INDIAN  GREEK  IN  STRAWBERRY 

VALLEY,    UTAH.^ 

This  station  was  originally  located  above  the  junction  of  Indian 
Creek  and  Strawberry  River,  where  it  was  maintained  from  May  12, 
1903,  to  July  12, 1906.  On  October  14, 1908,  the  station  was  reestab- 
lished at  a  point  about  200  feet  below  the  mouth  of  Indian  Creek, 
where  it  was  maintained  until  September  30, 1909,  when  it  was  discon- 
tinued and  separate.records  were  started  on  Indian  Creek  and  Straw- 
berry River.  All  of  these  stations  are  located  at  the  lower  end  of 
Strawberry  Valley,  about  25  miles  northeast  of  Thistle,  the  nearest 
railway  point. 

The  records  show  the  amount  of  water  available  for  storage  in  the 
Strawberry  Valley  reservoir.  Winters  in  this  region  are  very  severe, 
the  river  being  frozen  and  covered  deeply  with  snow  about  five  montlis. 
The  flow  during  this  period,  however,  is  fairly  constant  and  a  fair 
estimate  of  the  winter  flow  may  be  made.  Conditions  during  the 
open-water  season  are  favorable  for  accurate  measurements. 

The  gage  is  a  vertical  staff  located  20  feet  downstream  from  the 
cable  and  on  the  right  bank.  Discharge  measurements  are  made 
from  a  car  and  cable. 

Discharge  TneasuremerUs  of  Strawberry  River  below  mouth  of  Indian  Creek  in  Strawberry 

Valley,  Utah,  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
secUon. 

Gage 
height. 

Dis- 
charge. 

June    6 

E.S.FuDer 

Feet. 
64 
39.5 
39 

58.8 
37.6 

Feel. 

11.2 
6.61 
6.1 

See.-ft. 
1,380 

July     7 

do 

196 

Sept.  12 

do 

80.6 

» This  station  was  called  "  Strawberry  River  in  Strawberry  Valley,  Utah,"  In  previous  reiwrts. 
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Daily  gage  height ,  in  feet ^  of  Strawberry  River  below  mouth  of  Indian  Creek  in  Strauh- 
berry  Valley,  Utah,  for  1909. 
[J.  C.  Warfleld,  observer.] 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Day. 

May. 

June. 

July. 

Aug. 

Sept. 

1 

9.9 

6.65 
""6.2" 

""6."  is 

""6.2* 

16 

8.6 

2 

6.8 

6.2 

17 

6.35 

a2 

ao5 

3 

la? 

18 

8.3 

4 

6.9 

6.2 

19 

6.4 

as 

ao6 

5 

11.0 
11.2 

20 

21 

ia6 

8.0 

6 

&65 
&6 

6.2 

&45 

a  15 

ao 

7 

22 

7.65 

8 

11.0 

23 

6.4 

a2 

ao 

9.  . 

a55 

&2 

a  15 

24 

7.4 

10 

11.6 

10.1 

25 

6.3 

a  15 

ao 

11 

6.5 
"6.46' 

"'6.2" 

&1 

"  "ai" 

26 

7.2 

12 

9.2 
■"8.9* 

27 

as 

ai 

ao 

13 

12.5 

23 

7.0 

14 

29 

a  25 

"a  2" 

*  *ad5' 

ao 

15 

las 

6.4 

6.15 

&i 

30 

6.9 

31 

10.0 

Note.— loe  in  January,  February,  March,  and  April. 

Daily  discharge,  in  second-feet,  of  Strawberry  River  below  Tnouth  of  Indian  Creek  in  Straw- 
berry Valley,  Utah,  for  1909. 


Day. 


1. 
2. 
3.. 
4.. 
5.. 

6.. 
7.. 
8.. 
9.. 
10., 

11., 
12., 
13.. 
14., 
15.. 


May. 

June. 

July. 

Aug. 

20 

1.020 

251 

101 

20 

1.140 

239 

101 

205 

1,250 

251 

101 

390 

1,290 

263 

101 

675 

1,330 

234 

101 

760 

1,390 

204 

101 

945 

1,360 

193 

101 

1,130 

1,330 

188 

101 

1,320 

1,200 

182 

101 

1,500 

1,080 

176 

101 

l,580r 

960 

170 

101 

1,660 

842 

164 

101 

1,760 

803 

158 

98 

1,510 

764 

152 

94 

1,270 

712 

147 

90 

Sept. 


182 
142 
101 
96 
90 


96 
101 


Day. 


21. 
22. 
23. 

90  il  24. 
84  r  25. 


May. 


1,260 
1,250 
1,240 
1,230 
1,220 

1.200 
1.190 
1,170 
1.160 
1,140 

1,120 
1,110 
1,100 
1,080 
1,070 
1,060 


June. 


610 
572 
636 

492 
443 
416 
385 
360 

335 
311 
287 
275 


July. 


142 
136 
142 
147 
152 

158 
152 
147 
136 
124 

124 
124 
118 
112 
106 
101 


Aug. 


96 
101 
112 
124 
107 

90 
96 
101 
96 
90 

84 
78 
75 
71 
67 
124 


Sept. 


72 
67 
67 
67 
62 

66 
66 
66 
56 
56 

66 
66 
66 
56 


Note.— These  discharges  are  based  on  a  rating  curve  that  is  fairly  well  defined.    Discharge  interpolated 
for  days  when  gage  was  not  read . 

Monthly  discharge  of  Strawberry  River  below  Tnouth  of  Indian  Creek  in  Strawberry  Valley, 

Utah,  for  1909. 


Month. 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean, 


Run-off 
(total  in 
acre-feet). 


Accu- 
racy. 


May 

June 

July 

August.... 
September, 


1,750 

1,390 

263 

124 

182 


20 
263 
101 
67 
66 


1,070 

768 

164 
97.0 
78.8 


65,800 
45.700 
10.100 
5.960 
4.600 


STRAWBERRY   RIVER   AT   THEODORE,    UTAH. 

This  station,  which  is  located  at  the  west  boundary  of  the  Theodore 
town  site,  along  the  wagon  road  to  Heber,  about  1}  miles  above  the 
junction  of  the  Strawberry  with  Duchesne  River,  about  half  a  mile 
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upstream  from  the  mouth  of  Indian  Canyon  and  about  18  miles 
below  the  mouth  of  Currant  Creek,  was  established  June  10,  1908,  to 
determine  the  run-off  of  the  lower  Strawberry  and  the  amount  of 
water  available  for  irrigation  in  that  section.  The  drainage  area 
above  the  station  is  nearly  1,200  square  miles. 

The  chain  gage  is  located  about  50  feet  downstream  from  cable 
from  which  discharge  measurements  are  made.  The  datum  of  the 
gage  has  remained  constant  since  the  station  was  estabUshed. 

Very  good  results  should  be  obtained  at  this  station  except  at 
extremely  liigh  stages,  when  the  stream  overflows  the  left  bank, 
rendering  it  impossible  to  make  gagings. 

Discharge  measurements  of  Strawberry  River  at  Theodore^  Utah^  in  1909, 
[By  R.  H.  Fletcher.l 


Date. 

Width. 

Area  of 
secUoD. 

Gage 
hei^it 

Dis- 
charge. 

Date. 

Width. 

Area  of 
section. 

hei^t 

Dl». 
charge. 

Jan.      6 

21 

Mar.    30 

Apr.    13 

28 

May    25 

'"•'  ii::::::: 

Feet. 
55 
52 
60 
58 
66 
128 
63 
63 

60 
94 
90 
225 
475 
180 
160 

Feet. 
3.40 
4.00 
2.65 
2.65 
4.96 
7.80 
4.15 
3.76 

Sec. -ft. 
116 
147 
217 
208 
969 

03,920 
540 
440 

Oct      8 

25 

Nov.   13 

23 

Feet. 
62 
61 
62 
61 
62 
61 
61 
61 

136 
140 
119 
121 
113 
104 
131 

Feet. 
3.50 
3.40 
3.38 
3.06 
2.97 
2.91 
2.75 
3.22 

267 
325 
242 
228 
209 
168 
267 

a  Discharge  estimated  from  extension  of  area  and  velocity  corves. 

Daily  gage  height^  infeeiy  of  Strawberry  River  at  Theodore,  Utah^for  1909. 
[E.  8.  Winslow  and  M.  M.  Smith,  observers.] 


Day. 


1. 
2. 
3. 
4. 

5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26., 
27. 
28., 
29. 
30. 
31., 


Apr. 


2.7 
2.9 
3.1 
3.3 
2.9 

2.8 

2.7 

2.7 

2.65 

2.7 

2.7 

2.66 

2.66 

2.8 

2.85 

2.9 
3.15 
3.4 
3.55 
3.7 

3.6 
3.55 
3.55 
3.66 
3.75 

3.9 
4.4 
4.9 
4.05 
4.55 


May. 


4.35 
4.3 
4.35 
4.8 
5.5 

6.2 
6.55 
6.9 
7.2 
7.5 

7.7 

7.9 

7.65 

7.4 

7.3 

7.45 

7.4 

7.25 

7.3 

7.45 

7.6 
7.8 
7.95 
7.95 
7.75 

7.5 

7.56 

7.75 

7.9 

7.8 

7.5 


June.      Jaly. 


7.4 
7.5 

7.8 
8.0 
8.15 

8.25 

8.3 

8.3 

8.1 

7.8 

7.55 

7.4 

7.25 

7.15 

7.06 

6.85 
6.7 
6.6 
6.45 
6.35 

6.1 

5.9 

6.75 

5.6 

5.5 

5.4 

5.2 

6.06 

4.05 

4.9 


4.8 
4.65 
4.6 
4.7 
4.6 

4.5 
4.4 
4.3 
4.2 
4.15 

4.25 

4.0 

3.95 

3.9 

3.9 

3.8 

3.75 

3.7 

3.8 

4.1 

3.85 
3.75 
3.8 
3.85 
3.75 

3.7 
3.7 
3.6 
3.6 
3.56 
3.5 


Aog. 


3.5 
3.5 
3.5 
3.4 
3.4 

3.4 
375 
3.5 
3.5 
3.5 

3.7 
3.66 
3.55 
3.55 
3.5 

3.65 
3.85  , 
3.9 
3.05 
3.65 

3.6 
3.8    I 
3.6 
3.56 
3.6 

3.4 
3.4 
3.35 
3.3 
3.3 
3.56 


Sept. 

Oct. 

Nov. 

6.1 

2.96 

2.85 

4.05 

2.96 

2.85 

3.65 

2.96 

2.85 

3.66 

3.06 

2.85 

3.6 

3.0 

2.85 

3.66 

3.0 

2.86 

4.0 

3.0 

2.85 

3.6 

2.96 

2.8 

3.35 

2.96 

2.8 

3.3 

2.96 

2.85 

3.2 

2.96 

2.85 

3.25 

2.96 

2.8 

3.2 

2.96 

2.9 

3.2 

2.96 

2.85 

3.2 

2.96 

2.85 

3.16 

2.96 

2.85 

3.15 

2.96 

3.15 

3.1 

2.95 

3.1 

3.1 

2.96 

3.0 

3.2 

2.9 

3.0 

3.05 

2.9 

3.06 

3.06 

2.9 

3.16 

3.06 

2.9 

3.15 

3.06 

2.9 

3.1 

3.06 

2.9 

3.1 

3.05 

2.9 

3.1 

3.0 

2.86 

3.1 

3.0 

2.85 

2.95 

3.0 

2.85 

2.65 

3.0 

2.86 
2.86 

2.96 

Dec 


3.0 
2.96 
3.06 
3.2 
3.6 

3.3 
3,S 
3.7 
4.0 
3.86 

3.8 
3.35 
3.6 
3.75 
3.7 

3.5 

3.86 

3.4 

3.7 

3.8 

3.75 

3.65 

3.75 

3.6 

3.7 

3.76 
3.6 
3.6 
3.66 
3.86 
4.0 


Note.— Ice  in  January,  February,  March,  and  bom  December  4  to  31. 
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Daily  discharge,  in  second-feet ^  of  Strawberry  River  at  Theodore,  Utah,  for  1909. 


Day. 

Apr. 

May. 

686 
660 
670 
880 
1,220 

1,670 
1,760 
1,950 
2,120 
2,330 

2,480 
2,620 
2.440 
2,260 
2,190 

2.300 
2,260 
2,160 
2,190 
2,300 

2,400 
2,650 
2.660 
2,660 
2,510 

2.330 
2,360 
2,510 
2,620 
2,650 
2,330 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

220 
290 
368 
453 
290 

263 
220 
220 
205 
220 

220 
205 
206 
253 
272 

290 
389 
497 
564 
-634 

587 
564 
564 
610 
658 

7.32 
840 
960 
970 

780 

2.260 
2,330 
2.550 
2,700 
2,820 

2,910 
2,960 
2,950 
2,780 
2,550 

2,360 
2,260 
2,160 
2,090 
2,030 

1,920 
1,840 
1,780 
1,700 
1,660 

1,620 
1.410 
1,340 
1.260 
1,210 

1,160 

1,060 

989 

941 

917 

870 
800 
776 
823 
776 

730 
086 
644 
602 
582 

623 
522 
503 

484 
484 

448 
431 
414 
448 
562 

466 
431 

448 
466 
431 

414 
414 
382 
382 
367 
352 

352 
3!)2 
352 
316 
316 

316 
352 
352 
352 
352 

414 
367 
367 
367 
352 

367 
466 
484 
503 
398 

382 
448 
382 
367 
352 

316 
316 
303 
290 
290 
367 

1,520 
542 
398 
367 
382 

367 
522 
382 
303 
290 

265 
278 
265 
265 
265 

263 
263 
251 
251 
265 

240 
240 
240 
240 
240 

240 
228 
228 
228 
228 

216 
216 
216 
240 
228 

228 
228 
216 
216 
216 

216 
216 
216 
216 
216 

216 
216 
216 
216 
206 

205 
205 
205 
205 
205 

205 
194 
194 
194 
194 
194 

194 
194 
194 
194 
194 

194 
194 
183 
183 
194 

194 
183 
205 
194 
194 

194 
263 
251 
228 
228 

240 
263 
263 
251 
251 

251 
251 
216 
154 
216 

228 

2 

216 

3 

240 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Note.— These  discharges  are  based  on  rating  curves  applicable  as  follows:  April  1  to  April  26,  well  defined 
between  100  and  410  second-feet;  April  27  to  May  5,  indirect  method  for  shifting  channels  used;  May  6  to 
Deo.  3, 1909,  well  defined  between  160  and  960  seoond-feet. 


Monthly  discharge  of  Strawberry  River  at  Theodore,  Utah,  for  1909. 

Month. 

Discharge  hi  second-feet. 

Run-off 
(total  in 
acre-feet). 

Accu- 

Minimum. 

Mean. 

racy. 

April 

970 

2.660 

2,950 

870 

503 

1,520 

240 

263 

205 
660 
917 
352 
290 
228 
194 
154 

461 
2.080 
1,950 
541 
365 
335 
212 
214 

26,800 
128,000 
116,000 
33,300 
22.400 
19,900 
13,000 
12,700 

C. 

iSy.::::::::::: :::::::::::::: ::::::::::.:.:::: 

D. 

June 

D, 

July 

C. 

August 

B. 

September 

B. 

October 

B. 

November 

B. 

The  period 

372,000 

INDIAN   CREEK   IN    STRAWBERRY    VALLEY,  UTAH. 

This  station,  which  was  established  April  5,  1905,  discontinued 
July  12,  1906,  and  reestablished  October  1,  1909,  is  located  just 
above  the  mouth  of  the  creek.  The  station  was  originally  located 
about  250  feet  above  the  mouth  of  the  creek,  but  was  reestablished 
in  1909,  about  half  a  mile  farther  upstream,  in  T.  4  S.,  R.  11  W.  It 
is  about  25  miles  northeast  of  Thistle,  Utah. 

This  point  is  below  all  tributaries,  Trail  Hollow  Creek  entering  a 
few  hundred  feet  above  the  new  station.  No  water  is  diverted  above 
the  station.    The  records  are  of  value  to  the  United  States  Recla- 
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mation  Service  in  connection  with  the  Strawberry  Valley  project, 
which  proposes  to  divert  the  waters  of  Indian  Creek  across  a  low 
pass  into  the  Strawberry  Valley  reservoir. 

The  staff  gage  is  driven  vertically  into  the  bed  of  the  creek  and 
braced  to  the  right  bank  about  10  feet  above  a  new  footbridge  from 
which  measurements  are  made. 

The  river  is  frozen  over  and  covered  with  a  deep  layer  of  snow 
during  about  five  months  of  the  year.  The  winter  flow,  however, 
is  fairly  constant  and  a  fair  estimate  may  be  made.  The  open- 
water  measuring  conditions  are  excellent. 

Discharge  measurements  of  Indian  Creek  in  Strawberry  Valley ^  Utah^  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Oaee 
height. 

Dis- 
charge. 

Sept.  12 
15 

E.  S.  Fuller 

Feet. 
22 
21.5 

18.5 

Feet. 
1.60 
1.55 

8ec.-fl. 
31.3 

do 

29.7 

Daily  gage  height^  in  feet^  and  discharge,  in  second-feet,  of  Indian  Creek  in  Strawberry 

Valley,  Utah,  for  1909. 
[J.  C.  Warfleld,  obeerver.] 


October. 

November. 

Day. 

October. 

November. 

Day. 

Gage 
height. 

Dis- 
charge. 

hei^t. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

A 

Dis- 
charge. 

1 

23 
24 
25 
25 
25 

26 
27 
27 
27 
26 

25 
25 
25 
25 
24 

1.4 
1.4 

'     *i.'4 

23 
23 
23 
23 
23 

23 
23 
23 
23 
23 

23 
23 
23 
23 
23 

16 

23 
23 
23 
23 
23 

23 
23 
23 
23 
23 

23 
23 
23 
23 
23 
23 

'■*i.'48" 

23 

2 

17 

1.4 

23 

3 

1.45 

18         

23 

4 

19 

23 

5 

1.45 

20           .... 

23 

6 

21         

23 

7 

1.5 

22 

1.4 

23 

8 

23 

23 

9 

1.5 

24       

23 

10 

25 

23 

11 

1.45 

26 

1.4 

23 

12 

27 

23 

13 

1.45 

28  

23 

14 

29 

23 

15 

30  

1.4 

23 

31 

Note.— The  daily  discharges  are  based  on  a  rating  cur\'e  that  is  not  well  defined.    Discharge  Interpolated 
for  days  when  gage  was  not  read.    Ice  conditions  after  Nov.  15. 

Monthly  discharge  of  Indian  Creek  in  Strawberry  Valley,  Utah,  for  1909. 


Month. 

Discharge  in  second-feet. 

Run-off 
(total  in 
acre-feet). 

Maximum. 

Minimum. 

Mean. 

October 

27 
23 

23 
23 

24.1 

23.0 

fl20.0 

1,480 

November 

1,370 

December 

1,230 

Note.— These  estimates  are  approximate. 


a  Estimated. 
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TRAIL  HOLLOW  CREEK   IN   STRAWBERRY  VALLEY,  UTAH. 

This  station,  which  was  estabhshed  October  1,  1909,  to  determine 
the  amount  of  water  entering  Indian  Creek  below  the  proposed  point 
of  diversion,  is  located  just  above  the  mouth  of  the  stream.  No 
water  is  at  present  diverted  above  the  station.  The  records  are  of 
value  to  the  United  States  Reclamation  Service  in  that  they  show 
the  portion  of  the  flow  of  Indian  Creek  which  can  not  be  diverted 
into  Strawberry  Valley  in  connection  with  the  Strawberry  Valley 
project. 

The  staff  gage  is  driven  verticaUy  into  the  bed  of  the  stream  and 
braced  to  the  left  bank.  Discharge  measurements  can  best  be  made 
by  wading  at  ordinary  stages,  but  during  high  water  they  can  be 
made  from  a  bridge  made  of  two  logs  that  is  about  15  feet  above  the 
gauge. 

The  stream  is  frozen  over  and  deeply  covered  with  snow  during 
about  five  months  of  the  year. 

The  following  discharge  measurement  was  made  by  E.  S.  Fuller: 

September  12, 1909:  Width,  5.5  feet;  area,  5.75  square  feet;  gage  height,  3.40  feet; 
discharge,  4.84  second-feet.    Made  by  wading. 

Daily  gage  height,  in  feet  and  discharge^  in  second-feet,  of  Trail  Hollow  Creek  in  Stravh 

berry  Valley,  Utah,  for  1909. 

[J.  C.  Warfield,  observer.] 


October. 

November. 

Day. 

October. 

November. 

Day. 

Gage 
height. 

Dis- 
charge. 

hel^t. 

Dis- 
charge. 

h^t. 

Dis- 
charge. 

Case 
hei^t. 

DIs- 
ohargs. 

1  

3.6 
3.6 
3.6 
3.6 
3.6 

3.6 
3.6 
3.6 
3.6 
3.6 

3.6 
3.6 
3.6 
3.6 

a6 

3.15 
3.15 

■"i'is' 

3.4 
3,4 
3.4 
3.4 
3.4 

3.4 
3.4 
3,4 
3.4 
3.4 

3.4 
3.4 
3.4 
3.4 
3.4  * 

16 

3.6 
3.6 

2 

17 

3.2 

3 

8.2 

18 

3.6 
3.5 
3.5 

4 

19 

6 

8.2 

20 

6 

21 

3.4 
3.4 
3.4 
3.4 
3,4 

3.4 
3.4 
3.4 
3.4 
3.4 

a4 

.. 

7 

3.2 

22  

8.15 

3.7 

8 

23 

9      

8.2 

24 

10 

25 

11 

3.2 

26 

8.15 

12 

27 

13 

3.2 

28 

14 

29 

15 

30 

3.15 

31 

NoTR.— These  diHcharges  are  based  on  a  curve  that  is  not  well  defined.    Discharges  interpolated  for  days 
when  gage  was  not  read.    Ice  conditions  after  Nov.  15. 


Monthly  discharge  of  Trail  Hollow  Creek  in 

Strawberry  Valley, 

Utah,  for 

1909, 

Month. 

Discharge  in  second-feet 

Run-ofr 
(total  In 
acre^eet). 

Maximum. 

Mlnimom. 

Mean. 

October 

3.6 

3.4 

3.52 
«3.40 
0  3.40 

2ie 

November 

302 

December ' 

209 

^^^^''^                                                                                1 

NOT».— Theae  estimates  are  approximate^ 


o  Estimated^ 
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LAKE  FORK  BELOW  FORKS  NEAR  WHITEROCKS,  UTAH. 

This  station,  which  is  located  about  500  feet  downstream  from  the 
jmiction  of  the  East  and  West  forks,  on  the  old  Indian  trail  from 
Spanish  Fork  to  Whiterocks,  Utah,  about  30  miles  west  gf  White- 
rocks,  was  estabUshed  on  May  10,  1907,  but  a  fragmentarv  record  was 
maintained  at  the  same  place  during  1904. 

The  station  is  above  all  present  diversions  and  furnishes  valuable 
data  for  determining  the  run-off  and  showing  the  amount  of  water 
available  for  irrigation  below  and  storage  above. 

No  important  tributaries  enter  between  this  station  and  the  mouth 
of  the  stream,  and  none  on  either  branch  for  son^e  distance  above. 
The  drainage  area  above  the  station  is  about  300  square  miles. 

The  flow  of  this  stream  could  doubtless  be  equalized  at  comparer 
tively  small  expense  by  utilizing  the  storage  facilities  afforded  by  a 
number  of  the  small  lakes  and  reservoir  sites  found  on  both  branches 
of  the  stream  above  the  station.  As  both  of  the  main  tributaries 
have  rapid  fall,  opportunities  for  power  development  are  presented 
above  all  irrigation  diversions. 

The  stream  is  icebound  for  several  months  each  year. 

The  chain  gage  established  May  10,  1907,  has  no  relation  whatever 
to  the  1904  gage.  Still  another  chain  gage  and  datum  have  been 
used  since  September  1,  1907.  This  gage  is  located  about  100  feet 
upstream  from  the  cable  from  which  discharge  measurements  are 
made. 

As  the  stream  bed  is  rough  and  the  current  is  swift  at  high  and 
moderate  stages,  the  results  obtained  at  this  station  can  be  considered 
only  fair  or  approximate  except  at  low  stages,  when  they  are  fairly 
good. 

Discharge  measurements  of  Lake  Fork  below  forks  near  Whiterocks^-  Ut<ih^  in  1909, 

[By  R.  H.  Fletcher] 


Date. 

Width. 

Area  of 
seoUon. 

Gafe 
height. 

Dte- 
charge. 

Date. 

Width. 

Area  of 
section. 

Gage 
hel^t. 

DI8. 

charge. 

Fed. 

Sq.ft. 

Feet. 

Sec-ft. 

Feet. 

Sq.ft. 

Feet. 

8ec.-ft. 

Jan.    13«.. 

48 

75 

2.56 

185 

,  Aug.  27... 
Sept   9... 

67 

122 

2.54 

612 

May     3... 

54 

79 

1.75 

243 

74 

138 

2.88 

777 

24... 

70 

118 

2.42 

5^17 

25... 

62 

96 

2.18 

333 

June  16... 

107 

308 

4.80 

2,850 

Oct.     7... 

61 

92 

2.06 

326 

July     6... 

100 

216 

3.80 

1,530 

26... 

58 

75 

1.78 

257 

21... 

84 

HI 

2.75 

768 

Nov.  15... 

57 

76 

1.64 

224 

Aug.  11... 

68 

,         121 

2.65 

632 

24... 

57 

74 

1.66 

226 

«  Ice  conditions.     Measurement  made  partly  from  cable  and  portly  from  ice  surface. 
95620**— W8P  269—11 6 
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Daily  gage  height ^  infetty  of  Lake  Fork  below  forks  near  Whiterocks^  Utah^  for  1909, 
[Charles  and  Paul  J.  Elliott,  observers.] 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1.6 
1.6 
1.5 
1.45 
1.5 

1.5 
1.4 
1.4 
1.4 
1.36 

1.4 
1.4 
1.4 
1.5 
1.6 

1.6 
1.7 
1.7 
1.7 
1.7 

1.65 
1.6 
1.6 
1.6 
1.6 

1.75 
1.9 
1.8 
1.85 
1.75 

1.7 

1.7 

1.76 

1.9 

2.0 

2.0 

2.06 

2.1 

2.2 

2.2 

2.2 

2.1 

2.06 

2.0 

2.0 

2.0 
2.0 
2.0 
2.1 
2.2 

2.3 
2.6 
2.6 
2.4 
2.3 

2.3 

2.45 

2.6 

2.6 

2.46 

2.4 

2.5 

2.85 

3.56 

4.35 

4.76 

4.86 

4.9 

4.5 

4.4 

4.15 

4.2 
4.35 
4.56 
4.5 
4.6 

4.7 

4.9 

4.95 

4.9 

4.3 

4.2 
4.35 
4.6 
486 
4.6 

4.4 

4.6 
4.5 
4.55 
4.3 

4.25 

4.2 

4.2 

4.1 

4.0 

3.95 

3.65 

3.4 

3.4 

3.2 

3.2 
3.1 
3.0 
2.9 
2.8 

2.8 

2.65 

2.7 

2.9 

2.9 

2.7 

2.66 

2.7 

2.66 

2.6 

2.9 
3.0 
2.65 
2.5 
2.4 
2.3 

2.3 

2.56 

2.45 

2.3 

2.3 

2.36 
2.4 
2.4 
2.45 
2.65 

2.45 

2.7 

2.7 

2.45 

2.46 

2.6 

3.05 

3.1 

2.95 

3.0 

3.25 
3.0 
3.0 
2.75 
2.65 

2.6 

2.55 

2.4 

2.4 

2.3 

2.65 

3.9 
3.6 
3.3 
3.1 
3.1 

3.2 
3.1 
3.0 
2.9 
2.9 

2.8 
2.7 
2.7 
2.6 
2.5 

2.5 

2.4 

2.4 

2.35 

2.3 

2.25 

2.2 

2.2 

2.2 

2.15 

2.1 

2.1 

2.05 

2.05 

2.05 



2.0 

2.0 

2.05 

2.1 

2.1 

2.1 
2.3 
2.0 
2.0 
1.96 

1.96 

1.9 

1.9 

1.9 

1.9 

1.85 
1.85 
1.85 
1.85 
1.8 

1.8 
1.8 
1.8 
1.8 
1.8 

1.8 
1.7 
1.7 
1.7 
1.7 
1.7 

1.65 
1.65 
1.65 
1.65 
1.55 

1.6 

1.6 

2 

1.65 

3 

1.55 

4 

1.5 

6 

1.3 

6 

1.3 

7 

1.5 

8 

1.5 

9 

10 

1.65 

1.6 
1.6 
1.6 
1.65 
1.6 

1.6 

1.6 

1.6 

1.65 

1.7 

1.7 

1.7 

1.65 

1.65 

1.6 

1.6 
1.55 
1.6 
1.6 
1.6 

U 

12 

13 

14 

2.55 

16 

2.6 

16 .'.. 

2.8 

17 

2.8 

18 

2.7 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

Note.— Ice  during  January,  February,  and  March,  and  from  Dec.  9  to  31. 
Daily  discharge,  in  second-feet,  of  Lake  Fork  below  forks  near  Whiterocks,  Utah,  for  1909. 


Day. 


2 
3 
4. 

5 

6 

7. 
8. 
9. 
10 

U. 
12 
13 
14. 
15 

16. 
17. 
18. 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28. 
29 
30 
31 


Jan. 

Feb. 

Mar. 
170 

Apr. 

160 

180 

196 

160 

180 

170 

196 

160 

180 

170 

196 

170 

180 

170 

187 

170 

180 

170 

196 

175 

170 

170 

196 

175 

170 

170 

178 

!75 

170 

170 

178 

180 

170 

170 

178 

180 

170 

170 

169 

180 

160 

180 

178 

185 

160 

180 

178 

185 

160 

180 

178 

180 

160 

180 

196 

180 

160 

180 

196 

185 

150 

180 

215 

185 

150 

175 

236 

185 

150 

170 

236 

190 

150 

170 

236 

190 

160 

170 

236 

190 

160 

160 

226 

190 

160 

160 

215 

190 

160 

160 

215 

190 

160 

160 

215 

190 

160 

160 

215 

190 

170 

150 

248 

190 

170 

150 

287 

190 

170 

150 

260 

190 

150 

274 

190 

170 

248 

190 

180 

May. 

June. 

236 

550 

236 

775 

248 

1,350 

287 

2.240 

317 

2,790 

317 

2,930 

335 

3,000 

352 

2.440 

395 

2.310 

395 

2,000 

395 

2,060 

352 

2,240 

335 

2,510 

317 

2,440 

317 

2,680 

317 

2,720 

317 

3,000 

317 

3.070 

352 

3,000 

395 

2,180 

445 

2.060 

550 

2,240 

550 

2.580 

495 

2.930 

445 

2,580 

445 

2,310 

522 

2.440 

610 

2.440 

550 

2,610 

522 

2,180 

495 

July.  I  Aug. 


2.120 
2,060 
2,060 
1,940 
1,820 

1,760 
1,450 
1,210 
1,210 
1,040 

1,040 
955 
880 
810 
740 

740 
642 
675 
810 
810 

675 
642 
675 
642 
610 

810 
880 
642 
550 
495 
445 


445 
580 
522 
445 
445 

470 
495 
495 
522 
642 

522 
675 
675 
522 
622 

610 
918 
955 
845 
880 

1,080 
880 
880 
708 
642 

610 
580 
495 
495 
445 
642 


Sept. 


1,710 

1,400 

1,120 

955 

955 

1,040 
955 
880 
810 
810 

740 
675 
675 
610 
550 
550 
495 
495 
470 
445 

420 
395 
395 
395 
374 

352 
352 
335 
335 
336 


Oct. 


317 
317 
336 
352 
352 

352 
446 
317 
317 
302 

302 
287 
287 
287 
287 

274 

274 
274 
274 
260 

260 
260 
260 
260 
260 

260 
236 
236 
236 
236 
236 


Nov.  Dec. 


226 
226 
226 
226 
206 

215 
0  218 
0  221 
a224 

226 

215 
215 
215 
226 
215 

215 
215 
215 
226 
236 
236 
236 
226 
226 
215 

215 
206 
215 
215 
215 


215 
226 
206 
196 
160 
160 
196 
196 
195 
200 

190 
180 
195 
195 
195 

195 
190 
180 
175 
165 

180 
185 
185 
185 
185 

185 
185 
185 
185 
185 
185 


o  Interpolated. 

Note.— Discharges  Apr.  1  to  Dec.  8  are  based  on  a  rating  curve  that  is  fairly  well  defined  between  215 
and  3,140  second-feet. 

Discharges  Jan.  1  to  Mar.  31  and  Dec.  9  to  31  estimated  by  hydrograph  comparison  of  various  streams 
in  the  Uinta  River  drainage. 
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Monthly  discharge  of  Lake  Fork  below  forks  near  Wkiterocks,  Utah,  for  1909, 


Month. 


January 

February... 

March 

AprU 

May 

June 

July 

August 

September.. 

October 

November.. 
December.. 


Discharge  in  second-feet. 


Maximum. 


287 

610 

3,070 

2,120 

1,080 

i,no 

445 
236 


The  year. 


Minimum. 


160 
236 
550 
445 
445 
335 
236 
206 


Mean. 


182 
165 


212 


2,350 

1,030 

634 


220 

188 


Run-off 
(total  in 
acre-feet). 


11,200 
9,160 
10,300 
12,600 
24,200 
140,000 
63,300 
39,000  {  B 
39,700  B 
17,800  '  B. 
13,100  i  B. 
11,600     D. 


Accu- 
racy. 


542  I 


392,000 


LAKE   FORKNEAB   MYTON,^    UTAH. 

This  station,  which  is  located  about  3  miles  above  Myton,  Utah, 
was  originally  established  July  3,  1900;  was  discontinued  at  the  end 
of  the  season  of  1903,  and  was  reestabUshed  in  June,  1907.  Several 
discharge  measurements  were,  however,  made  in  1904. 

As  the  station  is  only  about  half  a  mile  above  the  junction  of  the 
stream  with  Duchesne  River,  the  records  show  the  amount  of  water 
which  Lake  Fork  contributes  to  the  Duchesne,  and  in  connection 
with  the  records  obtained  at  the  station  on  Lake  Fork  below  the 
forks,  which  is  about  20  miles  upstream  and  above  all  present  diver- 
sions, they  indicate  also  the  amount  of  water  diverted  for  irrigation 
along  the  stream.  No  important  tributaries  enter  between  the  two 
stations. 

Several  canal  systems  built  by  the  United  States  Indian  Office 
take  water  from  this  stream  above  the  station  for  irrigation.  Some 
private  canal  systems  are  proposed  or  in  operation.  As  at  all  other 
stations  in  this  basin,  the  stream  is  icebound  for  several  months  during 
the  winter  season. 

The  gage  was  in  the  same  position  and  the  same  datum  was  used 
from  1900  to  1904,  inclusive.  During  1907  and  1908  three  distinct 
gages  and  datums  were  used — from  June  13  to  30, 1907,  from  August 
18  to  December  31,  1907,  and  during  1908. 

The  results  obtained  during  1908  and  1909  have  been  very  satis- 
factory, except  for  a  few  difficulties  in  the  gage  readings.  Previous 
records  are  not  so  good. 

Gage  heights  from  June  15  to  21  are  too  uncertain,  owing  to  the 
settlement  of  the  gage,  to  warrant  publication.  On  June  22  the 
gage  was  removed  to  the  opposite  bank  and  reinstalled  at  a  different 
datum.  Gage  heights,  beginning  June  22,  are  therefore  not  com- 
parable with  those  of  previous  dates. 


«  Descrlbod  In  early  reports  as  "  Lake  Fork  at  mouth.' 
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SURFACE   WATER  SUPPLY,  1909,  PART  IX. 

Discharge  measurements  of  Lake  Fork  near  MyUm^  Utah,  in  1909, 
[By  R.  H.  Fletcher.] 


Date. 

WWth. 

Feei. 

Jan.    7«.. 

66 

20«.. 

66 

Feb.  16  a.. 

66 

26a.. 

66 

Mar.  16a.. 

66 

296.. 

65 

Apr.  12.... 

65 

28.... 

65 

May  12  «r.. 

65 

25.... 

65 

June  9-.-. 

70 

22.... 

70 

Area  of 
section. 


heig^ 


Sq.ft. 
107 
128 
113 
116 
116 
118 
107 
134 
152 
167 
375 
360 


FeeL 
4.55 
4.68 
4.60 
4.65 
4.00 
3.59 
3.46 
3.90 


4.45 

7.50 
6.04 


Dis- 
charge. 

Date. 

Width. 

Area  of 
section. 

Oace 
height. 

Dis- 
charge. 

See.-ft. 

Fed. 

Sq.fL 

FeeL 

See-'fl- 

178 

1  June  23. . . . 

70 

429 

6.90 

2,470 

207 

July  10.... 

66 

234 

3.90 

724 

149 

23.... 

66 

185 

3.18 

396 

180 

Aug.   9.... 

66 

162 

2.80 

286 

183 

26.... 

66 

183 

3.14 

385 

144 

Sept.  8. . . . 

67 

230 

3.89 

726 

113 

26.... 

66 

149 

2.76 

258 

191 

Oct.    8.... 

66 

142 

2.61 

226 

265 

23.... 

66 

125 

2.35 

165 

327 

Nov.  12.... 

66 

122 

2.25 

143 

2,070 

22.... 

66 

135 

2.48 

178 

1,860 

Dec.  22 

64 

124 

3.15 

i« 

a  Measurement  made  through  ice. 

^  Measurement  fh>m  cable;  some  ice  in  section. 

c  Qage  out  of  order. 

Note.— Ice  on  Jan.  7, 1.2  feet  thlclc;  Jan.  20, 1.4  feet  thick;  Feb.  16, 1.8  feet  thick;  Feb.  26, 2.0  feet  thick; 
Mar.  16. 2.0  feet  thick;  Dec.  22. 1.0  foot  thick. 

Daily  gage  height,  in  feet,  of  Lake  Fork  near  Myton,  Utah,  for  1909. 
[James  E.  Pitt3,  observer.] 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

3.6 
3.6 
3.65 
3.6 
3.5 

3.45 

3.5 

3.5 

3.5 

3.5 

3.8 
3.7 
3.7 
3.8 
3.9 

4.05 
4.1 
4.1 
4.15 

4.55 

4.8 
6.8 
7.9 
7.85 

"s.'s"" 

7.75 
7.3 
6.9 

7.0 
7.2 
7.4 
7.5 

6.35 

5.8 

5.7 

5.45 

5.2 

5.0 
4.7 
4.3 
4.06 
3.95 

3.8 
3.6 
3.5 
3.4 
3.3 

3.2 
3.15 
3.15 
3.3 
3.4 

3.3 

3.15 

3.05 

3.3 

3.15 

3.2 

3.7 

3.3 

3.06 

2.9 

2.75 

2.6 
2.85 
2.8 
2.65 
2.6 

2.7 
2.9 
3.0 
2.8 
2.85 

3.0 
3.0 
3.0 
3.0 
2.75 

3.0 
4.55 
3.85 
3.6 
3.55 

3.5 

3.6 

3.55 

3.5 

3.15 

3.1 

3.0 

3.0 

2.85 

2.8 

3.2 

5.65 
5.05 
4.4 
4.0 
3.85 

4.0 

4.1 

3.9 

3.65 

3.7 

3.55 
3.5 
3.4 
3.3 
3.2 

3.2 
3.05 
3.05 
3.0 
3.0 

2.9 
2.85 

2.85 
2.8 
2.7 

2.75 

2.7 

2.65 

2.55 

2.45 

2.5 
2.5 
2.45 
2.45 
2.66 

2.65 
2.6 
2.6 
2.55 
2.55 

2.55 
2.5 
2.45 
2.45 
2.4 

2.35 

2.4 

2.4 

2.35 

2.35 

2.36 
2.35 
2.4 
2.4 
2.3 

2.3 
2.3 
2.3 
2.3 
2.3 
2.3 

2.2 
2.2 
2.2 
2.2 
2.2 

2.2 
2.2 
2.2 
2.2 
2.2 

2.2 

2.2 

2.2 

2.25 

2.3 

2.3 

2.3 

2.35 

2.5 

2.5 

2.5 
2.4 
2.45 
2.45 
2.45 

2.4 
2.4 
2.35 
2.35 
2.3 

2.35 

2 

2.35 

3  

2.35 

4                 

2.1 

5 

2.1 

6 

2.3 

7 

2.8 

8 

2.45 

9 

2.45 

10 

2.5 

11 

2.3 

12 

3.5 
3.5 
3.55 
3.6 

3.6 
3.7 
3.7 
3.8 
3.8 

3.8 
3.7 
3.7 
3.6 

2.5 

13 

2-5 

14 

2.5 

15.    ..            

2.6 

16     

2.5 

17 

4.0 
4.0 
4.05 
4.2 

4.35 
4.45 
4.6 
4.6 
4.5 

4.45 
4.5 
4.65 
4.7 
4.7 
4.6 

""6.0  " 
6.75 
7.1 
6.9 

6.5 

6.4 

6.35 

6.45 

6.25 

2.4 

18 

2.4 

19 

2.25 

20 

2.55 

21 

2.8 

22 .' 

2.8 

23 

24 

"'Hi' 

25 

3.0 

2« 

3.7 

3.1 

27 

3.1 

28 

3.9 
3.9 
3.8 

3.1 

29 

3.1 

30 

3.1 

31 

3.1 

Note.— Ice  conditions  during  Jan.,  Feb.,  Mar.,  and  on  Dec.  15  and  from  Dec.  19  to  31.  Owing  to  set- 
tlement of  the  gage,  gage  heights  June  15  to  21  are  too  uncertain  to  warrant  publishing.  New  gage  estab- 
lished on  June  22.    uage  heights  after  this  date  are  not  oomi>arable  with  those  before  this  date. 
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Daily  discharge,  %n  second-feet ,  of  Lake  Fork  near  My  ton,  Utahj  for  1909. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

175 
175 
175 
175 
175 

175 
178 
180 
180 
180 

180 
185 
185 
185 
185 

190 
190 
195 
200 
207 

205 
205 
205 
200 
200 

195 
195 
1»6 
190 
190 
190 

185 
185 
185 
180 
180 

175 
175 
170 
170 
170 

165 
165 
160 
160 
155 

149 
150 
150 
155 
156 

160 
165 
165 
170 
175 

180 
180 
180 

180 
180 
180 
180 
180 

180 
180 
180 
180 
180 

180 
180 
180 
180 
180 

183 
180 
175 
170 
160 

160 
160 
155 
155 
165 

150 
150 
150 
144 
140 
140 

142 
142 
149 
142 
130 

124 
130 
130 
130 
130 

130 
130 
130 
136 
142 

142 
156 
156 
172 
172 

172 
156 
156 
142 
149 

156 
173 
190 
190 
172 

172 
156 
166 
172 
190 

221 
232 
232 
244 
240 

235 
230 
226 
222 
218 

214 
210 
210 
221 
266 

296 
325 
376 
375 
340 

325 
340 
306 
415 
415 
340 

358 

455 

1,580 

2.360 

2,330 

2.580 
2,840 
2,260 
1,930 
1,650 

1,720 
1.860 
2,000 
2,070 
2,140 

2,140 
2,680 
2.920 
2,680 
2,140 

1,720 
1,840 
2.380 
2.620 
2,470 

2.180 
2,110 
2,060 
2,140 
2,000 


2,060 
1,710 
1,640 
1.490 
1,340 

1,220 

1,060 

870 

758 

712 

645 
560 
520 
480 
440 

405 
388 
388 
440 
480 

440 
388 
352 
440 
388 

405 
600 
440 
352 
300 
255 

215 
285 
270 
228 
215 

240 
300 
335 
270 
285 

335 
335 
335 
335 
255 

335 
990 
668 
560 
540 

520 
660 
540 
520 
388 

370 
335 
335 
285 
270 
405 

1.610 

1,250 

915 

735 

668 

735 
780 
090 
580 
600 

540 
520 
480 
440 
405 

405 
352 
352 
335 
335 

300 
285 
285 
270 
240 

255 
240 
228 
202 
180 

190 
190 
180 
180 
228 

228 
215 
215 
202 
202 

202 
190 
180 
180 
170 

160 
170 
170 
160 
160 

160 
160 
170 
170 
160 

150 
150 
150 
150 
150 
150 

130 
130 
130 

im 

130 

i.-w 

130 
130 
130 
130 

130 
130 
130 
140 
150 

150 
150 
160 
190 
190 

190 
170 
180 
180 
180 

170 
170 
160 
160 
150 

160 

2 

160 

3   

160 

4 

115 

5 

115 

6 

150 

7 

160 

8 

180 

9 

180 

10 

190 

11   

150 

12 

190 

13 

190 

14 

190 

15 

190 

16 

190 

17 

170 

18     

170 

19 

140 

20 

170 

21 

180 

22 

183 

23 

180 

24 

180 

26 

180 

26 

180 

27 

180 

28 

180 

29 

180 

30 

180 

31 

180 

Note.— These  dlacharges  are  based  on  rating  curyes  applicable  as  follows:  Apr.  1  to  June  21,  Calrly  well 
defined  between  discharges  of  120  and  2,440  second-feet  June  22  to  Dec.  19,  well  defined  between  dis- 
charges of  1 15  and  2,920  second-feet.  Discharges  during  Jan.,  Feb.,  Mar.,  June  15  to  22,  and  Dec.  20  to  31 
estimated  directly  from  measurements  and  hydrographs. 


Monthly  discharge  of  Lake  Fork  near  Myton,  Utah,  for  1909. 
[Drainage  area,  475  square  miles.] 


Month. 


January 

February. . . 

March 

AprU 

May 

June 

July 

August 

September. 

October 

November. . 
December.. 


The  year. 


Discliarge  in  second-feet. 


Maximum. 


190 

415 

2,920 

2,060 

990 

1,610 

228 

190 


Minimum. 


124 
156 
358 
255 
215 
180 
150 
130 


Mean. 


189 
168 
160 
140 
264 
1,070 
709 
383 
507 
177 
151 
171 


426 


Per 
square 
mile. 


0.398 
.354 
.356 
.314 
.556 

4.36 

1.49 
.806 

1.07 
.373 
.318 
.360 


Run-off. 


Depth  in 

incnes  on 

drainage 

.area. 


0.46 
.37 
.41 
.35 
.64 

4.86 

1.72 
.93 

1.19 
.43 
.35 
.42 


12.13 


Total  in 
acre-feet. 


11,600 
9,330 
10,400 
8,870 
16.200 
123,000 
43,600 
23,600 
30,200 
10,900 
8,980 
10,500 


307.000 


Accu- 
racy. 
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UINTA   RIVEE   NEAR   WHTTEROCKS,    UTAH. 

This  station  was  originally  established  in  connection  with  the 
investigation  for  the  water  supply  of  the  Uinta  Reservation,  on  Sep- 
tember 16,  1899,  and  the  records  were  continued  until  the  latter  part 
of  1904.     It  was  reestablished  in  the  same  locality  on  August  13,  1907. 

The  present  station  is  located  at  the  highway  bridge  on  the  Govern- 
ment road  up  Uinta  Canyon,  usually  known  as  the  sawmill  road. 
The  bridge  is  about  8  miles  northwest  of  the  Indian  agency  at 
Whiterocks.  Previous  records  were  taken  at  points  a  short  distance 
upstream  from  tliis  bridge. 

The  station  is  situated  about  a  mile  below  the  mouth  of  Pole  Creek. 
The  Wliiterocks  comes  in  several  miles  below,  but  there  are  no  other 
tributaries  except  some  dry  gulches  which  occasionally  carry  con- 
siderable flood  water. 

No  water  is  diverted  from  the  stream  above  the  station,  but  the 
United  States  Indian  Office  has  constructed  a  series  of  irrigation 
canals,  which  divert  water  at  various  points  below.  The  upper 
reaches  of  this  stream  present  excellent  opportunities  for  storage  and 
power  development. 

The  results  at  the  station  are  affected  by  ice  during  the  winter 
season.  Winter  measurements  are  usually  taken  at  riffles  or  open 
places  in  the  channel. 

The  same  gage  was  used  from  1899  to  1904,  inclusive.  The  gage 
established  in  August,  1907,  was  located  a  short  distance  upstream 
from  the  old  gage,  and  at  a  different  datum.  The  present  chain 
gage  has  no  determined  relation  to  this  last  gage.  It  was  estab- 
lished on  October  22,  1907,  and  is  located  on  the  bridge  about  a  mile 
downstream  from  the  other  gage. 

The  gage  is  read  only  when  the  hydrographer  visits  the  station  to 
make  discharge  measurements,  and  the  discharges  for  intermediate 
days  are  estimated  by  comparison  with  the  hydrographs  of  other 
streams  in  that  locality. 

As  the  stream  bed  is  rough  and  the  current  swift  at  high  and  moder- 
ate stages,  the  discharge  measurements,  except  at  low  stages,  are 
apt  to  be  considerably  in  error. 
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Discharge  measurements  of  Uinta  River  near  WhiterockSy  Utahy  in  1909, 
(By  R.  H.  Fletcher.) 


Date. 

Width. 
Feet. 

Area  of 
section. 

Gajte 

height. 

Feet. 

Sq.ft. 

Jan.  15«... 

m 

120 

2.55 

a>a... 

€6 

92 

1.75 

Feb.  6a... 

66 

81 

1.47 

18a... 

to 

53 

.90 

Mar.  ».... 

61 

57 

.95 

20.... 

66 

62 

1.00 

Apr.  3.... 

66 

67 

1.00 

16.... 

69 

71 

I.IO 

May  6.... 

70 

92 

1.34 

19.... 

72 

107 

1.56 

29.... 

75 

118 

1.75 

June  3.... 

83 

166 

2.42 

14.... 

H4 

204 

2.ea 

25.... 

83 

186 

3.00 

July  2.... 

85 

160 

2.60 

Dis- 
charge. 


Sec.-ft. 

191 

182 

83 

103 

133 

136 

156 

177 

268 

362 

477 

1,060 

1,270 

1,250 

809 


Date. 

Width. 

Area  of 
section. 

hei^t 
Fett. 

Dis- 
charge. 

Feet. 

Sq.ft. 

Sec'ft. 

July  15.... 

78 

123 

1.85 

451 

27.... 

81 

148 

2.35 

796 

Aug.  3.... 

74 

113 

1.80 

464 

16.... 

78 

130 

2.10 

602 

30.... 

75 

113 

1.80 

447 

Sept.  3.... 

84 

ito 

2.30 

790 

14.... 

74 

128 

2.00 

524 

28.... 

72 

108 

1.72 

360 

Oct.  4.... 

73 

108 

1.70 

372 

.     21.... 

73 

86 

1.45 

226 

30.... 

71 

82 

1.45 

196 

Nov.  8-... 

71 

85 

1.40 

193 

18a... 

67 

85 

1.42 

193 

1      30o... 

67 

M 

1.40 

178 

1  Dec.  17a... 

CO 

151 

3.15 

164 

a  Ice  conditions. 
Daily  discharge^  in  second-feet^  of  Uinta  River  near  WhiterockSy  Utah  y  for  1909. 

Day. 


1 
2 
3 
4 
5 

6, 
7. 
8. 
9, 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20 

21 
22. 
23. 
24. 
25. 

2«, 
27. 
28. 
29. 
30. 
31, 


Jan. 

Feb. 

Mar. 
120 

Apr. 
140 

220 

June. 
470 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

195 

120 

1.040 

500 

600 

360 

200 

195 

100 

120 

140 

215 

485 

1,030 

470 

6W 

.360 

200 

195 

100 

120 

140 

220 

1,060 

1,000 

415 

772 

360 

200 

195 

100 

120 

160 

235 

1,720 

960 

410 

800 

360 

200 

195 

90 

120 

160 

245 

2,080 

940 

400 

780 

340 

200 

195 

83 

125 

160 

268 

2.400 

920 

305 

770 

320 

195 

195 

85 

125 

160 

285 

2,380 

900 

396 

770 

316 

195 

195 

85 

125 

160 

320 

2.280 

880 

400 

760 

300 

193 

195 

85 

125 

160 

325 

1,880 

760 

420 

720 

290 

195 

195 

85 

135 

160 

330 

1,440 

640 

440 

680 

280 

195 

195 

90 

135 

160 

a30 

1.320 

560 

466 

660 

280 

190 

195 

90 

135 

160 

320 

1,220 

820 

486 

620 

280 

190 

195 

90 

135 

160 

310 

1.220 

500 

480 

660 

280 

190 

195 

90 

135 

165 

300 

1,270 

475 

480 

540 

270 

190 

194 

90 

135 

170 

290 

1,340 

445 

600 

610 

260 

190 

195 

90 

135 

175 

280 

1.400 

440 

615 

490 

265 

190 

195 

95 

135 

200 

280 

1.440 

460 

640 

470 

250 

190 

195 

110 

135 

215 

290 

1,520 

485 

660 

460 

240 

193 

195 

105 

135 

215 

362 

1,540 

515 

680 

450 

235 

190 

195 

lOi 

140 

215 

325 

1,480 

615 

700 

440 

230 

190 

195 

ia5 

135 

210 

380 

1,400 

600 

700 

430 

230 

190 

195 

110 

136 

200 

430 

1,340 

480 

660 

420 

220 

190 

195 

110 

135 

190 

430 

1,340 

480 

660 

400 

225 

190 

195 

110 

136 

190 

420 

1,380 

520 

480 

390 

225 

190 

180 

110 

135 

200 

415 

1,390 

580 

430 

380 

230 

190 

182 

110 

135 

205 

415 

1.320 

660 

400 

370 

230 

180 

175 

110 

135 

235 

420 

1,240 

816 

400 

370 

230 

180 

170 

110 

135 

235 

435 

1,200 

760 

400 

369 

220 

180 

160 

135 

230 

477 

1,120 

720 

420 

.360 

210 

180 

120 

135 

225 

455 

1,080 

630 

415 

360 

196 

178 

120 

135 

445 

560 

500 

200 

175 
175 
175 
176 
176 

170 
170 
170 
170 
170 

166 
166 
165 
165 
166 

165 
164 
160 
160 
160 

160 
160 
160 
160 
160 

160 
160 
100 
100 
100 
100 


Note.— Daily  discharges  were  obtained  by  comparison  with  hydrographs  of  Lake  Fork  below  forks, 
and  Uinta  River  at  Fort  Duchesne.  Feb.  15  to  Oct.  26  discharges,  on  dates  of  actual  measurements, 
obtained  by  applying  gage  heights  of  these  measurements  to  curves  instead  of  using  actual  discharge. 
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Monthly  discharge  of  Uinta  River  near  WkiterockSy  Utah  ^  for  1909 » 
[Drainage  area,  218  square  miles.] 


Month. 


January 

Februeury.. 

March 

April 

May 

June 

July 

Aupust 

September. 

Orlober 

November. 
December. . 


The  year. 


Diacharp?  in 
second-(eet. 


Mean. 


187 
98.: 
131 
183 
338 
1,430 
667 
404 
54ft 
267 
191 
165 


391 


Per 
square 
mile. 


0.8:8 

.453 

.601 

.839 

1.55 

6.56 

3.06 

2.27 

2.50 

1.22 

.876 

.757 


1.80 


Run-ofT. 


Depth  in 

inches  on 

drainage 

area. 


0.99 

.47 

.69 

.94 

1.79 

7.32 

3.53 

2.62 

2.79 

1.41 

.98 

.87 


24.40 


Total  in 
acre-feet. 


11.500 
5.480 
8,0C0 
10.900 
20,800 
85.100 
41,000 
30.400 
32.500 
16,400 
11.400 
10.100 


284,000 


Note. —The  accuracy  of  these  estimates  may  be  classed  as  C. 

UINTA    RIVER   AT   FORT   DUCHESNE,    UTAH. 

This  station,  which  is  located  at  the  wooden  highway  bridge  on  the 
road  to  Vernal,  one-fourth  of  a  mile  from  Fort  Duchesne,  Utah,  was 
originally  established  on  September  4,  1899,  and  continued  until  the 
end  of  1904.  It  was  also  maintained  for  a  brief  period  during  1906, 
and  on  April  9,  1907,  the  station  was  reestablished. 

The  data  obtained  at  this  point  show  the  amount  of  water  contrib- 
uted by  this  stream  to  Duchesne  River,  except  the  comparatively 
small  amount  diverted  for  irrigation  below,  and  in  connection  with 
the  records  of  the  stations  above  on  the  Whiterocks  and  the  Uinta, 
they  show  the  amount  of  water  taken  for  irrigation  by  the  numerous 
diversions  both  on  the  Uinta  and  Whiterocks  above  the  station. 
The  upper  tributaries,  above  irrigation  diversions,  afford  excellent 
opportunities  for  storage  and  power  development. 

The  flow  of  the  stream  is  affected  by  ice  for  about  four  months  dur- 
ing the  winter  season,  and  the  accuracy  of  the  results  is  somewhat 
affected  by  eddies  around  the  crib  piers  and  by  deposits  of  sediment 
brought  down  by  Deep  Creek  during  floods. 

Practically  the  same  datum  was  used  for  the  gage  up  to  and 
including  1906.  The  present  chain  gage,  established  April  9,  1907, 
has  an  entirely  different  datum.  Tliis  gage  is  fastened  to  the  bridge 
from  which  discharge  measurements  are  made. 
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Discharge  Tneamrenients  of  Uinta  River  at  Fort  Duchesne,  Utah,  in  1909. 
[By  R.  H.  Fletcher.) 


Date. 

Width. 

Feet. 

Jan.     4«.. 

40 

28fl.. 

40 

Feb.  10  a.. 

36 

Mar.  13  a.. 

35 

27... 

80 

Apr.     6... 

78 

29... 

79 

May   U... 

80 

26... 

80 

June    8. . . 

80 

21... 

80 

Area  of 
section. 


Gaee 
height. 


Dis- 
charge. 


74 
57 
61 
316 
288 
273 
225 
230 
490 
444 


Feet. 

7.50 
6.84 
7.60 
6.90 
6.60 
6.37 
6.49 
6.80 
6.82 
8.27 
7.82 


Date. 


Sec.-ft.    , 

170  i  July     7.. 


127 
128 
116 
222 
161 
197 
378 
409 
2,780 
1,460 


23. 
Aug.     7.. 

25.. 
Sept.    6.. 

22.. 

Oct.     9. . 

•       22.. 

Nov    lib. 

20«>. 
Dec.   2\b, 


Width. 


Feet. 
80 
80 
80 
80 
80 
80 
80 
80 
79 
85 
105 


Area  of 

Oage 

section. 

height. 

Sq.-ft. 

Feet. 

399 

7.10 

372 

6.65 

353 

6.50 

368 

6.90 

438 

7.85 

388 

6.92 

353 

6.66 

350 

6.55 

89 

6.54 

111 

6.38 

13.5 

7.10 

Dis. 
charge. 


Sec.-ft. 
hn 

30S 
188 
38C> 
1,470 
4.0 
287 
200 
229 
188 
171 


a  Ice;  measurements  made  through  holes  cut  in  ice. 


b  Made  by  wading. 


Note.— Ice  at  gage  on  Jan.  4, 1.6  feet  thick:  Jan.  28,  2.5  feet  thick;  Feb.  10,  .1  feet  thick:  Dec.  21,  1.4 
feet  thick. 

Daily  gage  height,  in  feet,  of  Uiiita  River  at  Fort  Duchesne,  Utah,  for  1909. 
[Bertha  L.  Wouldhave,  obser\'6r.l 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

6.45 

6.5 

6.5 

6.5 

6.4 

6.35 

6.4 

6.35 

6.4 

6.4 

6.4 

6.35 

6.35 

6.4 

6.4 

6.45 
6.5 
6.5 
6.5 
6.6 

6.5 
6.4 
6.4 
6.4 
6.4 

6.4 
6.4 
6.4 
6.6 
6.5 

6.4 

6.45 

6.45 

6.46 

6.5 

6.55 
6.65 
6.65 
6.65 
6.75 

6.75 

6.7 

6.66 

6.65 

6.56 

6.55 
6.55 
6.55 
6.55 
6.65 

6.75 
6.85 
6.85 
6.85 
6.86 

6.75 
6.85 
7.05 
7.05 
7.00 
6.85 

0.85 

7.15 

7.8 

8.15 

8.75 

8.8 

8.65 

8.15 

8.26 

7.9 

7.75 

7.8 

7.95 

7.85 

8.05 

7.85 

8.15 

8.25 

8.1 

7.95 

7.85 

7.85 

7.8 

7.95 

7.95 

7.75 

7.7 

7:7 

7.65 
7.6 

7.55 

7.3 

7.3 

7.3 

7.3 

7.4 

7.25 

7.05 

7.0 

6.9 

6.86 

6.7 

6.6 

6.6 

6.6 

6.6 

6.6 

6.46 

6.6 

6.9 

6.75 
0.6 
6.6 
6.75 
6.6 

6.6 

7.1 

6.9 

6.65 

6.6 

6.5 

6.5 
6.4 
6.6 
6.4 
6.4 

6.45 
6.46 
6.45 
6.45 
6.4 

6.4 

6.4 

6.6 

6.65 

6,45 

6.6 

7.1 

7.16 

7.0 

6.9 

6.9 

6.9 

6.8 

6.76 

6.8 

6.7 
6.7 
6.7 
6.6 
6.6 
6.8 

7.6 
7.9 
7.66 
7.35 
7.6 

7.85 
7.65 
7.6 
7.5 
7.46 

7.4 
7.5 
7.3 
7.2 
7.15 

7.1 
7.1 
7.0 
7.0 
6.96 

6.9 
6.9 
6.9 
6.9 
6.8 

6.8 

6.7 

6.66 

6.65 

6.7 

6.7 

6.65 

6.05 

6.7 

6.7 

6.7 

6.7 

6.7 

6.65 

6.6 

6.6 
6.6 
6.6 
6.6 
6.56 

6.55 
6.5 
6.5 
6.6 
6.5 

6.6 
6.6 
6.6 
6.6 
6.5 

6.66 

6.6 

6.6 

6.6 

6.6 

6.5 

6.5 
6.6 
6.5 
6.5 
0.5 

6.6 
6.5 
6.4 
6.4 
6.6 

6.6 
6.5 
6.5 
6.6 
6.5 

6.5 

6.4 

6.45 

6.4 

6.4 

6.4 

6.4 

6.46 

6.4 

6.46 

6.45 
6.6 
6.5 
6.4i: 
6.6 

6.6 

2 

6.5 

3 

&4 

4 

6.36 

5 

6.3 

6 .'.... 

6.25 

7 

6.6 

8 

6.55 

9 

6.6 

10 

6.6 

11 

6.7 

12 

6.6 

13 

6  55 

14 

6.8 

15 

6.8 

16 

6.7 

17 

6.7 

18 

6.75 

19 

6.6 

20 

6  76 

21 

6  7 

22 

7.46 

23 

7  6 

24 

7.4 

25 

7.3 

26 

7.3 

27 

7.3 

28 

7  3 

20 

7.25 

30 

7  35 

31 

7.25 

Note.— Probable  ice  conditions  Jan.  1  to  Mar.  31  and  Dec.  7  to  31. 
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Daily  discharge ^  in  second-feet ^  of  Uinta  River  at  Fort  Duchesne ^  Utah,  for  1909. 


Day. 


Jan.      Feb.     Mar.     Apr.     May.    June.    July.     Aug.     Sept.     Oct.     Nov.    Dec. 


1. 
2. 
3. 
4. 
6. 

6. 
7. 
8. 
9. 
10.. 

11. 
12.. 
13.. 
14.. 
15.. 

10.. 
47.. 
18.. 
19.. 
20.. 

21.. 
22.. 
23.. 
24.. 
25.. 


20.. 
27.. 
28.. 
29.. 
30.. 
81.. 


160 
160 
165 
170 
165 

165 
160 
160 
160 
160 

160 
\{fi 
160 
160 
160 

160 
155 
155 
155 
150 

150 
150 
150 
140 
140 

130 
130 
127 
120 
120 
120 


120 
120 
125 
125 
125 

125 
125 
125 
125 
128 

125 
125 
125 
125 
126 

125 
125 
125 
125 
125 

125 
125 
125 
125 
125 

125 
125 
125 


120 
120 
115 
110 


192 
210 
210 
210 


100 

175 

100 

160 

100 

175 

100 

160 

100 

176 

100 

175 

no 

176 

116 

160 

116 

160 

118 

175 

120 

176 

140 

192 

160 

210 

160 

210 

170 

210 

180 

210 

190 

210 

195 

175 

200 

176 

200 

176 

200 

176 

210 

176 

222 

176 

210 

175 

200 

266 

180 

210 

160 

175 
192 
192 
192 
210 

232 
282 
282 
282 
342 

342 
310 
282 
282 
232 

232 
232 
232 
232 
282 

342 
412 
412 
412 
412 

342 
412 
682 
682 
636 
412 


412 

685 

1,660 

2,460 

4,300 

4,470 
3,980 
2,460 
2.740 
1,860 

1,560 
1,660 
1,970 
1,7G0 
2,210 

1.540 
2.070 
2.260 
1,980 
1,710 

1,640 
1,640 
1,460 
1,710 
1,710 

1,380 
1,300 
1.300 
1,230 
1,160 


1,090 
775 
775 
775 
775 

895 
720 
518 
472 
392 

358 
264 
213 
213 
213 

255 
210 
192 
255 
450 

342 
255 
255 
342 
255 

256 
630 
450 
282 
255 
210 


210 
176 
210 
175 
175 

192 
192 
192 
192 
176 

175 
175 
256 
232 
192 

213 
563 
614 
472 


392 
392 
323 
294 
323 

264 
264 
264 
213 
213 
323 


1,160 
1,620 
1,090 
835 
1,160 

1.640 
1.230 
1,160 
1,020 

8M 

895 
1,020 
775 
665 
614 

630 
630 
535 
635 
492 

450 
450 
450 
450 
375 

376 
310 
282 
282 
310 


310 
282 
282 
310 
310 

310 
310 
310 
282 
255 

255 
255 
255 
255 
232 

232 
210 
210 
210 
210 

210 
210 
210 
210 
210 

232 
210 
210 
210 
210 
210 


210 
210 
210 
210 
210 

210 
210 
176 
175 
255 

210 
210 
210 
210 
210 

210 
175 
192 
175 
175 

175 
175 
192 
175 
192 

192 
255 
210 
192 
210 


210 
210 
175 
160 
145 

132 
140 
150 
160 
170 

170 
170 
170 
170 
170 

170 
170 
170 
170 
170 

170 
170 
170 
170 
170 

170 
170 
170 
170 
170 
170 


Monthly  discharge  of  Uinta  River  at  Fort  Duchesne^  Uiah^for  1909. 
[Drainage  area,  672  square  mibs.] 


D 
Maximum. 

Ischarge  in  s 
Minimum. 

econd-feet 

Run-off. 

Month. 

Mean. 

Per 
square 
mile. 

Depth  in 

inches  on 

drainage 

area. 

Totalin 
acre-feet. 

Accu- 
racy. 

January 

151 
126 
149 
187 
319 
1,940 
430 
272 
740 
246 
201 
168 

0.226 
.186 
.222 
.278 
.476 

2.89 
.640 
.406 

1.10 
.366 
.299 
.260 

0.26 
.19 
.26 
.31 
.56 

3.22 
.74 
.47 

1.23 
.42 
.33 
.29 

9,280 
6,940 
9,160 
11,100 
19,600 
115,000 
26,400 
16.700 
44,000 
15.100 
12,000 
10,300 

C. 

February 

C. 

March 

C. 

April 

255 

582 

4,470 

1,090 

614 

1,540 

310 

255 

160 
175 
412 
192 
175 
282 
210 
175 

B. 

Mky ....:.:..... 

B. 

June 

C. 

July 

C. 

August 

B. 

September 

B. 

October 

B. 

November 

B. 

December 

D. 

The  year 

411 

.611 

8.27 

296,000 

Note.— These  discharges  were  obtained  from  rating  curves  applicable  as  follows:  Apr.  1  to  June  15, 
July  16  to  Aug.  15,  and  Sept.  16  to  Dec.  6,  fairly  well  aeflned  between  120  and  3,500  second-feet;  June  16  to 
July  15  and  Aug.  16  to  Sept.  15,  not  well  defined.  Discharges  Jan.,  Feb..  Mar.,  and  Dec.  7  to  31  were 
estunated  by  hydrograph  comparison  with  other  streams  in  the  vicinity  of  the  gaging  station. 

WHITEROCKS  RIVER  NEAR  WHTTEROCKS,  UTAH. 

This  station^  which  is  located  at  the  mouth  of  the  canyon  at  the 
foot  of  "Dugway*'  on  the  road  from  the  plateau  to  the  river  bottom, 
about  10  miles  above  the  Indian  agency  at  Whiterocks,  was  estab- 


Digitized  by 


Google 


COLORADO  RIVER  BASIN. 


75 


lished  April  18,  1899,  and  continued  until  the  end  of  1904.  On 
April  11,  1907,  it  was  reestablished  at  practically  the  same  place. 

The  information  contained  here  is  valuable  in  connection  with  gen- 
eral studies  of  run-off  problems  and  to  show  the  amount  of  water 
available  for  storage  and  power  above  and  for  irrigation  below. 

The  station  is  below  all  important  tributaries  of  the  Whiterocks. 
The  first  diversion  for  irrigation  is  about  3  miles  below  the  station. 
Excellent  storage  and  power  sites  exist  above  all  irrigation  diversions. 

Like  other  streams  in  this  region,  the  river  is  icebound  for  several 
months  in  the  winter. 

The  same  gage  and  datum  were  used  from  the  establishment  of  the 
station  until  the  end  of  1904.  A  new  chain  gage  and  datum  were 
used  from  April  11,  1907,  to  May  8,  1908,  and  the  present  chain 
gage,  at  a  still  different  datum,  has  been  used  since  May  9,  1908. 
Measurements  are  made  from  a  cable  about  100  feet  downstream 
from  the  gage. 

Owing  to  the  remoteness  of  this  gage  from  any  dwelling,  daily 
gage  observations  have  not  been  made,  and  daily  and  monthly  dis- 
charges have  been  obtained  by  comparing  the  relatively  frequent 
discharge  measurements  with  the  hydrographs  of  other  streams  in 
that  section.  ^ 

As  the  stream  bed  is  rather  rough  and  the  current  is  swift,  measure- 
ments at  high  or  medium  stages  are  not  very  accurate.  The  daily 
and  monthly  discharge  estfanates,  computed  by  the  method  outlined 
above,  are  necessarily  only  approximate. 

Discharge  measvremenU  of  Whiterocks  River  near  Whiterocks^  Utah,  in  1909, 
[By  R.  H.  Fletcher.) 


Date. 

width. 

Area  of 
section. 

Gage 
height. 

Dis- 
charge. 

Date. 

Width. 

Area  of 
section. 

hei^t. 

Dl». 
charge. 

Feet. 

8q.fi. 

Feet. 

8ec.-ft. 

Feet. 

Sq.ft. 

Feet. 

Sec-ft. 

Jan.  lla... 

30 

51 

2.32 

50  , 

July  28.... 

44 

60 

2.12 

m 

27o... 

31 

65 

2.58 

73  1 

Aug.   5.... 

34 

47 

1.80 

183 

Feb.  46... 

30 

43 

1.62 

61 

23.... 

45 

73 

2.20 

330 

Mar.  106... 

30 

34 

1.45 

51 

Sept.  2.  .. 

65 

HI 

2.90 

603 

22.... 

30 

30 

1.02 

57 

13.... 

60 

82 

2.38 

373 

Apr.  5.... 

30 

32 

1.10 

60 

29.... 

36 

47 

1.85 

177 

17.... 

31 

39 

1.30 

102 

Oct.    5.... 

34 

46 

1.84 

161 

May  7.... 

32 

46 

1.58 

145 

20.... 

33 

40 

1.60 

105 

21.... 

45 

64 

2.10 

280 

29.... 

33 

33 

1.45 

96 

31.... 

50 

76 

2.30 

372 

Nov.   66... 

31 

34 

1.38 

66 

June  12.... 

58 

130 

3.30 

774 

176... 

38 

36 

1.50 

92 

26.... 

55 

104 

2.80 

533 

266... 

33 

34 

1.40 

73 

July   3.... 

62 

88 

2.55 

435 

Dec  16e... 

33 

46 

1.30 

67 

17.... 

37 

53 

1.95 

211 

a  Backwater  effect  at  gage  due  to  ice. 
6  Slight  ice  conditions, 
c  Considerable  Ice  in  river. 
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Daily  discharge ^  in  second-feet^  of  Whiterocks  River  near  WhiterockSy  Utah^for  1909, 


Dfty. 


1 
2 
3 

4. 

5, 

6 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 

20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


Jan. 


50 
50 
50 
50 
50 

50 
50 
50 
50 
50 

50 
50 
50 
50 
50 

55 
55 
55 
55 
60 

60 
60 
65 
65 
70 

70 
73 
70, 

70  I 
65  . 


Feb. 


Mar. 


Apr. 


80 
80 
65 
60 
62 

50 
50 
50 
60 
60 

60 
60 
60 
70 
80 

85 
92 
105 
105 
90 

100 
80 
80 
80 
80 

80 
80 
85 
85 
80 


May. 


80 
80 
80 

IS 

125 
147 
160 
180 
185 

180 
175 
170 
170 
160 

170 
180 
190 
200 
220 

290 
320 
340 
320 
320 

300 
320 
330 
370 
370 
372 


June. 


370 
400 
440 
600 
1,600 

1,960 
2,020 
l,9t0 
1,000 
800 

750 
774 
840 
960 
lf080 

1,120 
1.120 
1.080 
1,380 
800 

780 
800 
840 
800 
640 

538 
480 
440 
440 
440 


July. 


440 
435 
435 
440 
480 

500 
400 
340 
260 
200 

180 
180 
180 
190 
200 

200 
227 
210 
200 
200 

220 
220 
220 
220 
220 

235 
275 
280 
190 
180 
180 


Aug.     Sept. 


180  I 
180  j 
180 
180  ' 
185 


400 
603 
760 
720 


180         680 


190 

700 

190 

190 

180 

660 

170 

600 

170 

520 

170 

460 

170 

373 

170 

360 

170 

360 

170 

370 

240 

370 

400 

370 

380 

350 

360 

350 

330 

340 

330 

340 

325 

330 

350 

320 

350 

280 

330 

240 

320 

220 

300 

200 

280 

180 

280 

180 

320 

. 

Oct. 


180 
180 
170 
170 
178 

160 
160 
ICO 
160 
160 

160 
160 
150 
150 
140 

120 
120 
120 
115 
105 

100 
100 
100 
100 
100 

100 
100 
90 
95 
90 
80 


Nov. 


Dec 


00 
60 
60 
60 


60 
60 
60 
60 
60 

65 
66 
65 
65 
65 

67 
66 
66 
60 
60 

60 
60 
60 
60 
60 

60 
60 
60 
00 
60 
60 


Note.— The  daily  discharges  were  obtained  by  comparison  jof  hydrographs  of  Lake  Fork  below  forks 
and  Uinta  River  at  Fort  Duchesne. 

Discbarges  on  dates  of  actual  measurements  obtained  by  applying  gage  heights  of  these  measurements 
to  rating  tables  from  Apr.  1  to  Oct.  31. 

Monthly  discharge  of  Whiterocks  River  near  WhiterochSy  Utah,  for  1909, 
[Drainage  area,  114  square  miles.] 


Month. 


January 

February 

March 

April : 

Bfay 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  s 
ond-feet. 


Mean. 


56.9 
52.4 
55.6 
75.1 

217 

908 

269 

249 

434 

131 
71.9 
61.4 


215 


Per 
square 
mile. 


0.499 
.460 
.488 
.659 
1.90 
7.96 
2.36 
2.18 
3.81 
l.K 
.631 
.538 


1.89 


Ron-off. 


Depth  in 

inches  on 

drainage 

area. 


a58 

.48 

.56 

.74 

2.19 

8.88 

2.72 

2.51 

4.25 

L33 

.70 

.62 


25.56 


Total  In 
acre-feet. 


3,500 
2,910 
3,420 
4,470 
13,300 
54,000 
16,500 
15,300 
25,800 
8,060 
4,280 
3,780 


155,000 


Note.— The  accuracy  of  these  estimates  may  be  classed  as  C. 
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PBICB  BIVEB  BASm. 


DESCRIPTION. 

Price  River  rises  in  the  Wasatch  Mountains,  in  the  southeastern 
part  of  Utah  County,  flows  in  a  generally  southeasterly  direction 
and  unites  with  Green  River  at  a  point  about  14  miles  above  Green- 
river,  Utah.  The  main  source  of  supply  is  the  snow  in  the  upper 
reaches  of  the  basin,  where  elevations  range  from  8,000  to  9,000  feet. 
The  region  is  extremely  rough  and  rugged.  The  predominant  rock 
is  a  loose  an^  badly  disintegrated  sandstone.  The  soil  is  scanty  and 
supports  practically  no  vegetation  except  small  groves  of  scrubby 
cedar  and  a  few  scattered  pines.  The  original  sparse  underbrush  and 
grass  have  been  almost  entirely  tramped  out  by  sheep  and  cattle. 

The  river  is  subject  to  floods  in  the  spring  and  early  summer,  during 
which  time  it  carries  immense  quantities  of  sediment.  Gordon  and 
Pleasant  creeks,  the  principal  tributaries,  are  both  short,  steep 
streams  and  enter  from  the  west  almost  at  right  angles. 

PRICE   RIVER   NEAR   HELPER,    UTAH. 

This  station,  which  was  established  February  21,  1904,  is  located 
at  an  old  ford  crossing  in  the  settlement  of  Spring  Glen,  about  3 
miles  south  of  Helper,  Utah,  and  about  350  feet  west  of  the  tracks  of 
the  Denver  &  Rio  Grande  Railroad. 

This  station  is  below  Pleasant  Creek  and  White  River,  the  two 
principal  tributaaes  above,  and  is  above  Gordon  Creek,  which  enters 
about  5  miles  below,  and  Grassy  Trail  Creek,  which  enters  about  35 
miles  below.  There  are  no  important  diversions  above.  Records 
indicate  the  amount  of  water  available  for  the  Price  River  Irrigation 
Co.  and  for  the  canals  for  the  town  of  Price. 

Discharge  measurements  are  made  from  a  car  and  cable. 

The  datum  of  the  original  chain  gage  remained  unchanged  until 
the  gage  was  washed  out  by  high  water  April  11,  1907.  It  was 
replaced  by  a  temporary  gage  June  23,  1907,  and  by  a  permanent 
gage  July  16,  1907.  All  gage  heights  after  June  22,  1907,  are 
referred  to  a  new  datum  0.7  foot  above  the  original  datum. 

A  fair  estimate  may  be  made  of  winter  flow,  though  ice  is  usually 
rather  heavy.  The  bed  of  the  stream  is  somewhat  shifting,  but  the 
records  may,  on  the  whole,  be  considered  good. 

Discharge  measurements  of  Price  River  near  Helper^  Utah,  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

hS^ll 

Dis- 
charge. 

June  19 

E.  A.  Porter 

Feet. 
61 
51 
50 

67.2 
53.9 

Feet. 
4.30 
3.00 
2.80 

Sec.-ft, 
606 

Sept.  23 
Nov.    4 

do 

101 

do 

53.3 
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Daily  gage  height y  infeet,  of  Price  River ^  near  Helper y  Utah,  for  1909, 
[Andy  Woobey,  observer.] 


Day. 


1. 
2. 
3. 

4. 
5. 
6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


Jan.      Feb. 


2.5 

2.5 
2.5 
2L5  I 
2L5  I 

2.6  ' 
2.6  j 
2.6  I 
2.6  I 
2.6  ' 

2.5  1 

2.6  i 
2.6 
2.6 
2.6  , 

2.6  i 
2.5  I 
2.5 


2.4 
2L4 
2.4 
2.4 
2.5 

2.5 
2.4 
2.4 
2.4 
2.4 

2L4 
2.4 
2.4 
2.5 
2.5 

2.6 
2.5 
2.5 


2.5 

2.5 

2.5 

2.6 

2.5 

2.6 

2L5 

2.5 

2.5 

2.6 

2L5 

2L6 

2.5 

2.6 

2.5 

3.1 

2L6 

3.0 

2.5 

2.8 

2.7 

2.9 

2.5 

Mar. 


3.0 
2.9 
2.8 
2.8 
2.8 

2.7 
2.8 
2.7 
2.9 

2.8 

2.7 
2.7 
Z7 
2.7 
2.6 

2.8 
2.8 
2.8 
2.9 
2.8 

2.8 
2.8 
2.9 
2.8 
2.7 

2.8 
3.0 
3.0 
3.1 
2L9 
3.0 


Apr. 


May.    June.    July. 


3.0 
3.2 
3.3 
3.6 
3.5 
3.4 
3.3 
3.2 
3.2 
3.3 

3.4 
3.3 
3.3 
3.6 
3.7 

3.8 
4.0 
4.3 
4.2 
4.0 

3.9 
3.8 
3.7 
3.8 
3.8 

3.9 
4.2 
4.4 
4.4 
4.0 


3.9 

a9 

4.0 
4.3 
4.5 


4.6 

6.9 

4.8 

6.9 

4.9 

5.8 

5.0 

5.6 

6.1 

6.2 

6.2 

6.0 

5.2 

4.9 

4.9 

4.8 

4.8 

4.8 

4.7 

4.6 

4.7 

4.6 

4.7 

4.4 

4.7 

4.4 

4.8 

4.3 

4.9 

4.3 

6.4 

4.2 

6.4 

4.2 

6.6 

4.1 

5.6 

4.1 

6.2 

4.0 

6.0 

3.9 

6.1 

3.9 

5.4 

3.8 

6.4 

3.8 

6.3 

3.7 

6.0 

3.6 

a6 

3.5 
3.6 
3.6 

3.4 
3.3 
3.2 
3.2 
3.2 

3.2 
3.1 
3.1 
3.1 
3.1 

3.0 
3.0 
3.2 
3.4 
3.3 

3.2 
3.2 
3.0 
3.4 
3.1 

3.2 

ai 

3.1 
3.1 
3.1 
3.1 


Aug. 

Sept 

3.0 

5wO 

3.0 

3.4 

3.0 

3.3 

3.0 

3.1 

3.0 

3.1 

3.0 

3.2 

3.1 

3.3 

3.1 

3.2 

3.1 

3.0 

3.2 

3.0 

3.2 

3.0 

3.1 

3.0 

3.1 

3.0 

3.1 

3.0 

3.1 

3.0 

3.1 

3.0 

3.3 

3.0 

3.4 

3.0 

3.5 

3.0 

3.6 

3.0 

3.4 

3.0 

3.5 

3.0 

3.4 

3.0 

3.2 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

2.9 

2.9 

2.9 

2.9 

3.7 

Oct. 

2.9 
2.8 
2.9 
Z9 
2.9 

2.9 
2.9 
3.0 
2.9 
2.9 

2.9 
2.9 
3.0 
2.9 
2L9 

2.9 
2.8 
2.9 
Z9 
2.9 

2.9 
2.9 
2.9 
2.9 
2.9 

2.9  ' 

2.9 

2.9  . 

2.9 

2.9 

2.8 


Nov.     Dec. 


2.8  I    2.75 
2L8      2L8 


2.8 
2L8 
2.8 


2.8 
2.8 
2.8 


2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.6 

2.8 

2.6 

2.8 

2.8 

2.6 

2.8 

2.7 

2.8 

2.8 

2.8 

Z8 

2.8 

2.8 

2.8 

2.8 

2.8 

Z8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

Note.— loe  conditions  during  January  and  February.    Ice  Jams  during  these  months  affected  the  gage 
•jhts. 
age  heights  Dec.  24  to  31  have  been  suppressed,  as  observer  read  the  gage  wrong. 

Daily  discharge^  in  second-feet^  of  Price  River j  near  Helper ^  Utahy  for  1909. 


heights. 
Gage 


Day. 


Jan.   Feb.  Mar. 


95 
72 
53 
63 
63 

37 
53 
37 
72 
53 

37 
37 
37 
37 
24 

63 
53 
63 
72 
53 

63 
53 
72 
63 
37 

53 
95 
9h 
120 
72 
95 


Apr. 


95 
150 
185 
311 
267 

223 
185 
150 
150 
185 

223 
185 
1&5 
311 
357 

405 
507 
671 
615 
507 

465 
405 
357" 
405 
405 

455 
615 
729 
729 
507 


May.  I  June. 


455 
455 
507 
671 
787 

846 

966 

1,030 

1,090 

1,150 

1,210 

1,210 

1,030 

966 

906 

906 
906 
906 
966 
1,030 

1,340 
1.340 
1.400 
1,460 
1,210 

1,090 
1.150 
1,340 
1,340 
1,280 
1,090 


1.090 
1,150 
1,400 
1,530 
1,500 

1,660 
1,660 
1,500 
1,460 
1,210 

1,090 

1,030 

966 

966 

846 

787 
729 
729 
671 
671 

615 
615 
561 
561 
507 

455 
455 
405 
405 
357 


July.     Aug.  I  Sept. 


311 
311 
267 
311 
267 

223 
185 
150 
150 
150 

150 
120 
120 
120 

120  I 

95  ' 

95 
150 
223 
185 

150 
150  i 
95  I 
223  ' 
120 

150 
120 
120 
120 
120 
120 


95  1,090 
95  223 
95  185 
95  '  120 
95         120 


95 
120 
120 
120 
150 

150 
120 
120 
120 
120 

120 

185 
223 

267 
267 

223 
267 
223 
150 
95 

95 
95 
95 
72 
72 
357 


150 
185 
150 
95 
95 

95 
95 
95 
95 
95 

95 
95 
95 
95 
95 

95 
95 
95 
95 
95 

95 
05 
95 
72 
72 


Oct. 
72 

Nov. 

53 

63 

53 

72 

53 

72 

53 

72 

53 

72 

53 

72 

53 

95 

52 

72 

63 

72 

53 

72 

63 

72 

53 

95 

63 

72 

53 

72 

53 

72 

63 

53 

53 

72 

53 

72 

53 

72 

63 

72 

63 

72 

63 

72 

53 

72 

53 

72 

53 

72 

53 

72 

53 

72 

63 

72 

63 

72 

63 

63 

46 
53 
53 
53 
63 

53 
53 
53 
24 
24 

24 
24 
37 
53 
53 

63 
53 
63 
53 
53 

53 
53 
53 
50 
50 

50 
50 
50 
50 
50 
50 


Note.— These  discharges  are  based  on  a  rating  curve  that  is  well  defined  between  25  and  200  second* 
feet;  fiUrly  well  defined  between  200  and  800  second-feet. 
Diwharges  estimated  because  of  ice  conditions  on  Jan.  6  to  14,  29,  30,  Feb.  25  to  28,  and  Dec.  24  to  31. 
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COLORADO  RIVER  BASIN. 
Monthly  discharge  of  Price  River  near  Helper,  Utahy  for  1909. 
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Month. 

Discharge  in  second-feet. 
Maximum.   Minimum.      Mean. 

Run-off 
(tot^l  in 
acre-leel). 

Accu- 
racy. 

January      

14.0 
13.0 
59.1 

364 
1,030 

925 

167 

146 

142 
71.6 
53.0 
47.7 

861 

722 

3,630 

21,700 

63,300 

55,000 

10,300 

8,980 

8,450 

4,400 

3.150 

2,930 

D. 

February                    .             .  .                .... 

8 
24 
95 
455 
357 
95 
72 
72 
53 
53 
24 

D. 

March      

120 

729 

1.460 

1,660 

311 

357 

1,090 

95 

53 

53 

A. 

April 

A. 

May.::::::::...: 

B. 

June 

B. 

July 

A. 

August 

A. 

September 

A. 

October 

B. 

November 

B. 

December 

C. 

The  year. ...                    

1,660 

254 

183,000 

SAN  BAPAEL  BIVEB  BASIN. 


DESCRIPTION. 


San  Rafael  River  is  formed  in  the  western  part  of  Emery  County, 
crosses  the  central  part  of  the  county  in  a  general  southeasterly 
direction,  and  enters  Green  River  about  16  miles  below  the  mouth 
of  the  Price.  The  river  has  three  principal  branches — Ferron,  Cot- 
tonwood, and  Huntington  creeks — which  rise  in  the  Wasatch  Plateau 
at  an  altitude  of  about  10,000  feet  above  sea  level.  These  streams  fall 
rapidly  in  their  upper  courses  and  leave  the  plateau  through  almost 
impassable  canyons  cut  in  its  eastern  wall  overlooking  Castle  Valley. 
They  unite  below  Castledale,  and  the  stream  formed  by  their  com- 
bined waters  flows  southeastward  through  the  San  Rafael  SweU  in 
a  deep,  narrow  canyon,  from  which  it  emerges  to  flow  across  a  low, 
broken  country  to  its  junction  with  the  Green.  The  water  of  this 
river  is  derived  chiefly  from  the  melting  snow  on  the  high  plateau. 

SAN   RAFAEL   RIVER   NEAR   GREENRIVER,  UTAH. 

This  station,  which  was  established  May  5,  1909,  to  determine  the 
unappropriated  run-off  of  San  Rafael  River,  is  located  at  the  county 
bridge  on  the  road  from  Green  River  to  Hanksville,  about  16  miles 
southwest  of  Greenriver,  Utah,  and  about  three-fourths  of  a  mile 
below  the  Morris  ranch  dam.  It  is  below  all  important  tributaries 
and  diversions. 

The  winter  flow  is  affected  by  ice,  and  as  the  bed  of  the  stream 
shifts  somewhat  frequent  measurements  must  be  made  in  order  to 
get  satisfactory  records. 

The  staff  gage  is  nailed  securely  to  the  southwest  pier  of  the 
bridge,  from  which  discharge  measurements  are  made.  The  gage 
datum  has  remained  unchanged  since  the  station  was  established. 
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Discharge  measurements  of  San  Rafael  River  near  Greenriver,  Utahy  in  1909, 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Gage 
height 

Dis- 
charge. 

May    5 

E.  A.  Porter 

Feet. 
47 
100 
102 
67 
60 

692 
672 
108 
124 

Feet. 
2.20 
7.20 
6.00 
1.60 
1.20 

'"■■^ 

June    9 

do 

3,040 

20 

.do 

2,380 

Sept.  28 
Nov.  23 

do 

164 

.do 

178 

Daily  gage  height,  in  feet,  of  San  Rafael  River  near  Greenriver,  Utah,  for  1909. 
[£.  F.  Marshall,  observer.] 


pay. 

May. 

Jtme. 

July. 

Aug. 

1.85 
1.76 
1.75 
1.66 
1.6 

1.76 
2.15 
3.0 
3.8 
3.6 

3.65 
3.8 
3.3 
3.0 
2.65 

2.6 

7.76 

6.6 

6.15 

4.75 

4.36 
3.9 
3.66 
8.06 
2.7 

2.65 
2.65 
2.35 
2.45 
2.3 
4.45 

Sept. 

7.95 

a95 

3.75 

3.7 

4.4 

2.76 
5.46 
3.55 
2.65 
2.4 

2.45 

2.9 

2.45 

2.2 

2.16 

2.4 
2.1 
1.8 
1.7 
1.66 

1.7 

1.65 

1.66 

1.6 

1.65 

1.65 
1.65 
1.55 
1.55 
1.55 

Oct 

Nov. 

Dec. 

1              

4.5 

5.16 

5.85 

6.86 

7.25 

7.56 
7.85 
7.9 
7.35 
7.05 

6.95 
7.06 
6.76 
6.75 
6.65 

6.4 

6.5 

6.66 

6.35 

5.9 

6.8 

6.76 

5.7 

6.75 

5.65 

6.35 

6.15 

6.16 

4.9 

4.6 

4.6 

4.35 

4.06 

3.9 

4.0 

3.75 
3.65 
3.55 
3.35 
3.05 

2.96 

2.85 

2.7 

2.55 

2.1 

1.85 
1.65 
1.65 
1.9 
2.4 

2.0 

2.05 

2.45 

2.7 

2.25 

2.06 

1.9 

2.5 

2.15 

2.05 

1.85 

1.6 

1.45 

1.4 

1.35 

L4 

1.3 
1.3 
1.3 
1.3 
1.3 

1.3 
1.8 
1.3 
1.3 
1.3 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.16 

1.1 
1.1 
1.1 
1.1 
1.1 
1.1 

1.1 
1.1 
1.1 
1.1 
1.1 

1.1 

1.1 

1.0 

1.06 

1.25 

1.2 

1.35 

1.15 

1.1 

1.1 

1.05 
1.0 
1.0 

.9 

.9 

1.0 

1.1 

1.1 

1.55 

1.16 

1.25 
1.15 
2.0 
1.4 
1.25 

1.16 

2 

1.35 

3      

1.4 

4 

1.1 

5 

2.2 

2.5 

2.8 

2.75 

2.95 

3.1 

3.2 

3.5 

2.95 

2.8 

2.75 

2.95 

2.8 

2.9 

3.1 

3.55 

3.95 
4.4 
4.6 
4.65 
4.2 

3.9 
4.45 
5.25 
5.4 
5.0 
4.6 

1.0 

6 

.9 

7 

.9 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18  

19      .          

20 

21 

22 

23 

24 

25 

26 

27 

2S          

29 ■ 

30        

31 

Note.— Ice  in  river  in  December. 
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Daily  discharge,  in  second-feet,  cfSan  Rafael  River  near  Greenriver,  Utah,  for  1909. 


Day. 


1.. 
2. 
3.. 
4.. 
5.. 

6.. 
7., 
8.. 
9.. 
10., 

11.. 
12.. 
13.. 
14.. 
15.. 

16., 
17.. 
18.. 
19.. 
.20., 

21.. 
22.. 
23.. 
24.. 
25.. 

28.. 
27.. 
28.. 
29.. 
30.. 
31.. 


May. 


221 

290 
374 
350 
423 
474 

510 
620 
423 
374 


374 
406 
474 
640 

816 
1,040 
1,150 
1,180 


792 
1,060 
1,560 
1,660 
1,390 
1,150 


June. 


1,090 
1,490 
1,990 
2,760 
3.080 

3,320 
3,560 
3,610 
3,160 
2,920 

2,930 
3,020 
2,780 
2,780 
2,800 

2,600 
2.680 
2,800 
2.650 
2,300 

2,230 
2,180 
2,150 
2,180 
2,110 

1,890 
1,740 
1,740 
1,570 
1,320 


July. 


1,310 
1.220 
1,030 
950 
1,000 

880 
830 
780 
700 
580 

540 
510 
460 
420 
300 

230 
200 
200 
250 
370 

270 
280 
380 
460 
830 

280 
250 
380 
300 
280 
230 


Aug. 


230 
220 
220 
190 
ISO 

220 
300 
560 
880 
750 

810 
880 
670 
550 
430 


3,730 
2,000 
1,750 
1,400 

1,160 
890 
730 
540 
430 

420 
380 
330 
360 
310 
1,180 


Sept. 


3,P50 

4,720 

820 

800 

1,150 

450 
1,830 
730 
420 
350 


500 
360 
300 
290 

330 
260 
190 
180 
170 

180 
170 
170 
160 
150 

150 
150 
150 
150 
150 


Oct. 


140 
135 
130 
125 
130 

120 
130 
130 
130 
130 

130 
130 
130 
130 
130 

120 
120 
120 
120 
120 

120 
120 
120 
120 
115 

110 
140 
140 
140 
140 
140 


Nov. 


140 
140 
140 
140 
140 

140 
140 
130 
135 
170 

160 
185 
150 
140 
140 

150 
140 
140 
130 
130 

140 
160 
160 
240 
170 

185 
170 
360 
210 
185 


Note.— Discharges  May  5  to  June  9  are  based  on  a  rating  curve  that  is  partly  defined.    For  the  remain- 
der of  the  year  the  indirect  method  for  shifting  channels  was  used,  with  the  above  curve  as  standard. 

Monthly  discharge  of  San  Rafael  River  near  Greenriver,  Utah,  for  1909. 


Month. 


May  (5-31). 

June 

July 

August 

September. 

October 

November.. 


The  period. 


Discharge  in  second-feet. 


Maximum.   Minimum, 


1,660 
3,610 
1,310 
3,730 
4,720 
140 
360 


221 
1,090 
200 
180 
150 
110 
130 


Mean. 


721 
2,450 
523 
745 
655 
128 
162 


Runoff 
(total  hi 
acre-feet). 


38,600 
146.000 
32,200 
45,800 
39,000 
7,870 
9,640 


319,000 


Accu- 
racy. 


COTTONWOOD  CREEK   NEAR   ORAliOEVILLE,  UTAH. 

This  station,  which  was  estabUshed  May  1,  1909,  is  located  at 
Johnson^s  ranch  in  the  canyon  about  5  miles  northwest  of  Orange- 
viUe,  Utah,  and  about  35  miles  southwest  of  Price,  the  nearest 
railway  point. 

The  station  is  below  all  important  tributaries  and  above  all  diver- 
sions except  Johnson's  ditch,  which  takes  out  a  small  amount  of  water 
a  short  distance  above  the  station. 
95620*— W8P  269—11 6 
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SURFACE   WATER  SUPPLY,   1909,  PART  IX. 


Previpus  to  August  22,  1909,  the  stage  was  recorded  by  measuring 
to  the  water  surface  from  a  reference  point  on  a  cottonwood  tree  60 
feet  above  the  cable.  A  staff  gage  was  installed  August  22,  1909, 
at  the  same  point,  and  all  previous  observations  were  connected  to  the 
datum  of  this  gage.  During  the  flood  of  August  31  this  gage 
washed  out.  From  September  1  to  17  the  record  was  kept  of  the 
water  depth  at  the  gage  site.  From  September  20  observations 
was  made  of  the  distance  to  water  surface  from  a  mark  on  a  rock  at 
tte  site.  All  gage  heights  for  1909  have  been  reduced  to  the  datum 
of  the  staff  gage. 

Discharge  measurements  are  made  from  a  cable  60  feet  below  the 
gage  site. 

As  the  stream  bed  shifts,  accurate  determination  of  discharge  is 
difficult.  Heavy  ice  forms  at  this  station  during  the  winter  months. 
Discharge  measurements  of  Cottonwood  Creek  near  Orangevilley  Utahf  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Gage 
heigit. 

Dis- 
charge. 

Mayl... 
June  13 

E.  A.  Porter 

Feet. 
43 
54 
47 
46 
25 
14 
16 

van 

48.4 

41.6 

28 

15.1 

16.6 

reet. 
2.16 
4.66 
2.61 
2.53 
3.68 
3.31 
3.48 

"'^i^'- 

do                              

784 

July  27 

.  do 

125 

Aug.  22 . 
Sept.  20. 
Nov.  5.. 

.....do 

89.8 

do.  .  .  .           

62.3 

do 

31.8 

Dec  1 

do                       

40.3 

Daily  gage  height ^  in  feet,  of  Cottonwood  Creek  near  OrangeviHe,  Utah,  for  1909. 
[Robert  Johnson,  observer.] 


Day. 

May. 

Jime. 

4.75 
6.05 
6.65 
6.75 
5.76 

"6.25* 
4.96 

July. 

3.95 
3.75 
3.65 

3.35 
3.35 
3.25 
3.15 
3.15 

"i"96' 
2.95 
2.85 
2.85 

'   "i'76" 

'i"95" 
2.75 

2.75 
2.75 
2.75 

2.65 
2.60 
2.56 
2.55 
2.45 
2.45 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1         

2,15 

■■'i*45* 
2.46 
2.45 
2.45 

2.75 
3.75 

'5.45' 
3.95 

5.3 
3.8 
6.2 
4.1 

4.2 

"i's" 

3.8 
3.6 

3.6 

3.6 
3.6 

*"*3.'6' 
3.5 

3.5 
3.5 
3.5 
3.5 

3.5 
3.6 
3.5 
3.6 
3.5 

3.5 

""z.'h 

3.6 
3.5 

3.6 
3.6 
3.5 

3.4 
3.4 
3.3 
3.3 

3.5 

2 

3.5 

3                 

2.45 

3.5 

4 

3.4 

6 

6 

2.65 

3.3 

3.8 

7 

g             

3.06 

3.3 
3.3 
3.3 

3.3 
3.3 
3.3 

3.8 

9 

3.8 

10 

3.15 

2.95 
2.95 
2.85 
2.95 
3.15 

4.75 

5.16 
4.75 

'4.75' 
4.65 

4.85 
5.15 
4.55 
4.35 

4.55 
4.45 
4-65 
4.85 
4.65 

4.16 

*3.'95' 
3.66 
4.25 

11 

3.9 

12 

13 

2.45 

6.66 
5.75 
5.76 
5.65 
3.96 

5.75 

2.55 

2.6 

2.4 

2.4 

2.4 
2.4 

***i"6"* 

4.0 

3.8 
3.8 
3.7 

3.6 
3.6 

"  'i'7' 

3.7 
3.6 
3.6 
3.6 
3.6 

'3.6' 
3.6 
3.6 
3.6 

3.8 

H 

15 

3.4 

3.4 
3.4 
3.6 
3.4 
3.6 

3.5 

16 

17 

4.1 

18 

3.15 
3.35 
3.55 

3.75 
4.05 

4.0 

19 

20 

4.6 

21 

22 

4.2 

23 

24 

3.65 

4.0 

26 

3.6 

3.6 
3.5 
3.4 
3.4 
3.4 

26 

3.96 
4.45 
4.65 
4.66 

27 

4.2 

28 

29 

4.0 

30 

31 



Note.— Ice  Dec.  4  to  31. 
inches  on  Dec.  29. 


Ice  4  inches  thick  Dec.  11;  9  inches  on  Dec.  18;  14  hiches  on  Dec.  24,  and  16 
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Daily  discharge,  in  second-feet^  of  Cottonwood  Creek  near  Orangeville,  Utah,  for  1909. 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1  

105 
135 
165 
180 
195 

210 
268 
326 
332 
340 

280 
280 
250 
280 
340 

834 
328 
322 
380 

448 

510 
624 
546 
468 
521 

574 

768 
808 
848 
856 
864 

872 

994 

1.200 

1.280 

1,270 

1,220 

1,160 

930 

885 

840 

•  985 
835 
830 
825 
784 

857 
960 
738 
602 
671 

740 
700 
780 
860 
740 

585 
548 
510 
406 
628 

613 
434 
410 
378 
345 

812 
312 
283 
253 
263 

228 
202 
202 
177 
177 

166 
165 
180 
204 
164 

164 
164 
164 
147 
140 

134 
126 
112 
112 

98 

02 
90 
80 
88 
87 

58 

428 

660 

880 

1,100 

496 
300 
88 
460 
800 

1,160 
1,200 
1,200 
1,100 
480 

1,200 
92 
96 
80 
80 

80 
80 
126 
170 
210 
530 

500 

144 
166 

167 
122 
84 
84 
56 

56 
70 
84 
84 
68 

56 
56 
60 
64 
68 

68 
56 
56 
56 
56 

56 
56 
56 
56 

56 

56 
56 
56 
56 
45 

45 
45 
45 
45 
45 

46 
46 
46 
46 
45 

46 
46 
45 
46 
46 

46 
46 
45 
46 
46 

45 
45 
36 
36 
36 
36 

36 
36 
27 
27 
27 

27 
27 
27 
27 
27 

27 
27 
27 
30 
36 

36 
36 
56 
36 
66 

55 
64 
53 
62 
61 

50 
49 

48 
47 
46 

45 

2 

45 

3 

45 

4 

5 

6 

7 

8 

9 

10 

11  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23   

24 

25 

26 

27    

28 

29   

30 

31 

Note.— These  discharges  were  obtained  from  ratlngcurvee  applicable  as  follows:  May  1  to  Aug.  31. 
Indirect  method  for  shifting  channels  used;  Sept.  1  to  Dec.  3,  not  well  defined.  Discharges  interpolatea 
for  days  when  gage  was  not  read. 

Monthly  discharge  of  Cottonwood  Creek  near  Orangeville^  Utah,  for  1909. 


Month. 


Discharge  in  second-feet. 


Maximum.   Minimum. 


Rim-off 

(total  in 

Mean,    i  ac>^'««^>- 


Accu- 
racy. 


May 

June 

July 

August 

September.. 

October 

November . 


1,280 
613 

1,200 
600 
56 


406 
93 
80 
66 
36 


416 

842 

218 

438 

104 
4&3 
38.7  1 


26,600 
50,100 
13,400 
26,900 
6,190 
2,790 
2,300 


The  period. 


127,000 


FEERON  CREEK  NEAR  FERRON,  UTAH. 

This  station,  which  was  established  April  28,  1909,  is  located  near 
the  mouth  of  the  canyon,  about  2^  miles  above  the  town  of  Ferron, 
Utah,  and  is  below  all  important  tributaries. 

Practically  all  the  normal  flow  in  the  low-water  season  is  diverted 
above  the  station  by  the  North  and  South  canals,  only  enough  water 
passing  to  supply  one  or  two  small  ditches  that  take  out  below. 

Several  gages  were  used  during  1909,  all  located  in  the  same  sec- 
tion.    All  gage  heights  were  referred  to  one  datum  until  August  31, 


Digitized  by 


Google 


84 


SURFACE   WATER  SUPPLY,  1909,   PART  IX. 


when  a  flood  destroyed  the  gage  and  bench  mark  and  greatly 
changed  the  section.  From  September  1  to  December  31  all  gage 
heights  refer  to  a  new  gage  which  was  installed  September  18,  1909, 
at  a  new  datum. 

Discharge  measurements  are  made  from  a  footbridge  about  10  feet 
above  the  gage.  Shifting  of  the  stream  bed  makes  it  difficult  to 
obtain  accurate  discharge  records.  The  stream  is  icebound  duiing 
the  winter. 

Discharge  measureTnents  of  Perron  Creek  near  Perron^  Utahy  in  7909. 


Date. 

nydrographer. 

Width. 

Area  of 
section. 

Gage 
heigit. 

Dis- 
charge. 

Apr.  28 
June  12 

E.  A.  Fuller 

FeH. 
20 
31 
17 
14 
18.5 

58 
7.6 

lag 

13.3 

Feet. 
2.10 
4.20 
1.40 
2.15 
1.75 
L40 

Sec.-fl, 

3a6 

.do 

496 

July  26 
Aug.  23 
Sept.  19 
Dec.     4 

.  .do 

6w7 

do 

do 

do 

36.5 
28.4 
6.5 

Note.— Ckige  heights  Apr.  28  to  Aug.  23  are  referred  to  same  datum.    Oage  heights  Sept.  19  and  Dec.  4 
are  referred  to  new  gage  Installed  Sept.  18, 1909. 

Daily  gage  height,  in  feet ,  of  Perron  Creek  near  Perron,  Utah,  for  1909. 
(James  Westenskaw,  observer.] 


Day. 

Apr. 

May. 

June. 

July. 

2.65 

2.6 

2.85 

2.7 

2.6 

2.25 
1.95 
2.05 
2.05 
2.05 

2.05 
1.5 
1.5 
1.5 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

2.3 
2.3 
2.5 
2.6 
2.65 

2.95 
2.95 
2.95 
2.75 
2.90 

3.75 
4.15 
4.55 
4.65 
6.05 

4.45 
4.26 
a95 
4.20 
4.10 

4.05 
4.00 
3.65 
3.65 
3.65 

3.8 
a  75 
3.45 
3.45 
3.45 

3.5 
3.35 
3.5 
a45 

a4 

3.35 
3.05 
2,95 
2.95 
2.80 

12.0 
L8 
1.8 
1.8 
1.8 

1.8 
1.8 
1.8 
L8 
1.8 

1.8 
1.8 
1.8 
1.8 
1.8 

1.8 
1.8 
1.8 
1.8 
1.8 

1.8 
1.8 
1.8 
1.8 

1.8 

1.8 
1.8 
1.8 
1.8 
1.8 

1.8 
L8 
1.8 
1.7 
L6 

1.5 
L4 
1.4 
1.4 
1.4 

1.6 
1.6 
1.6 
1.6 
1.6 

1.6 
1.6 
1.6 
1.6 
1.6 

1.6 
1.6 
1.6 
1.6 
1.6 

1.6 
1.6 
1.6 
1.6 
1.6 
1.6 

1.6 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.6 
1.5 
L4 

1.4 
1.4 
1.4 
1.5 
1.6 

1.8 
1.8 
1.9 
2.1 
2.2 

2.2 
1.4 
1.8 
1.7 
1.6 

1.5 
1.4 
1.9 
2.0 

1.8 

1.5 

2 

1.2 

3 

LI 

4 

LI 

5 

L6 

6 

1.5 

7 

L5 

8 

1  6 

9 

1.8 

10 

2.0 

11       

2.75 

2.40 

2.3 

2.2 

2.3 

2.0 

12 

2.0 

13     

2.0 

14 1 

2.0 

15     ' 

2.0 

n     1 

2.45 

2.2 

17 

2.45 

2.8 

2.3 

18 

2.4 

19 

3.05 
3.1 

3.2 
3.1 

ai 

2.75 
2.9 

3.45 
3.5 
3.45 
3.15 
3.0 
3.3 

2.8 

20 

2.6 

21    

2.6 

22 

2.6 

53::::.: 

1.4 

2.  lb 
2.0 
1.9 

1.9 
1.9 
1.9 
1.8 
1.8 
8.0 

2.5 

24 1 

2.4 

25 

2.0 

1 

26 

2.  4 

27 

2.6 

28 

29 

2.1 
1.8 
1.5 

2.7 
2L6 

30 

31 

2.8 
2.8 



Note.— After  Sept,  1  gage  heights  referred  to  new  datum..   Ice  conditions  after  Nov.  13. 
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Daily  discharge^  in  second-feetj  of  Ferron  Creek  near  Ferron^  Utah,  for  1909. 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

51 
51 
78 
96 
105 

164 
164 
164 
124 
153 

124 
63 
51 
41 
51 

70 
70 
133 
185 
196 

220 
196 
196 
124 
153 

284 
298 
284 
TOR 

367 
485 

606 
638 
766 

575 
515 
425 
500 
470 

455 
440 
339 
339 
339 

381 
367 
284 
284 
284 

298 
258 
298 
284 
271 

258 
185 
164 
164 
133 

105 
96 
143 
114 
96 

46 
22 
28 
28 
28 

28 
7 
7 

7 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 
6 

..'. 

36' 

25 
20 

20 
20 
20 
16 
16 
1.690 

3,000 
32 
32 
32 
32 

32 
32 
32 
32 
32 

32 
32 
32 
32 
32 

32 
32 
32 
32 
32 

32 
32 
32 
32 
32 

32 
32 
32 
32 
32 

32 
32 
32 
25 
20 

16 
13 
13 
13 
13 

20 
20 
20 
20 
20 

20 
20 
20 
20 
20 

20 
20 
20 
20 
20 

20 
20 
20 
20 
20 
20 

20 

2            

16 

3 

16 

4               

16 

5      

16 

6       

16 

7  

16 

g 

16 

9 

16 

10    

13 

11      

13 

12 

13 

13   

13 

14           ..  

13 

15 

13 

16 

13 

17 

13 

18     

12 

19 

12 

20    

12 

21       

11 

22 : 

11 

23      

10 

24 

10 

25    

10 

26 

9 

27       

9 

28 

32 
16 

8 

29      

8 

30 

7  :    174 

8 

31 

1  ^« 

Note.— These  discharges  are  based  on  rating  curves  applicable  as  follows:  Apr.  28  to  Aug.  31 ,  fairly 
well  defined  below  discharge  of  100  second-feet.  Sept.  1  to  Nov.  13,  not  well  defined.  Discharge  estimated, 
July  15  to  25, 27  to  30,  and  Nov.  14  to  30. 

Monthly  discharge  of  Ferron  Creek  near  Ferron^  TJtah^  for  1909. 


Month. 


May 

June 

July 

Aug.  23-31. . 
September. 

October 

November. . 
December.. 


The  period. 


Discharge  in  second-feet. 


Maximum.   Minimum 


298 
766 
143 
1.690 
3,000 
32 


41 

133 

0 

16 


Mean. 


Run-off 
(total  in 
acre-feet). 


146 
372      I 

27.6 
207      ' 
131 

20.  .3  , 
«12.7 

*4.0 


8,980 

22.100 

1,700 

3.700 

7,800 

1.250 

756 

246 


46.500 


Accu- 
racy. 


a  Partly  estimated.  ^  Estimated. 

HUNTINGTON   CREEK   NEAR   HUNTINGTON,    UTAH. 

This  station,  which  was  established  May  3,  1909,  is  located  at 
Cunha's  ranch,  in  the  canyon  about  6  miles  northwest  of  Hunting- 
ton, Utah,  and  is  below  all  important  tributaries. 

The  ditch  for  the  Cunha  ranch  diverts  a  small  amount  of  water  a 
short  distance  above  the  station;  practically  all  the  normal  low-water 
flow  is  diverted  for  irrigation  by  canals  heading  near  Huntington.    A 
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storage  reservoir  above  the  station  controls  the  distribution  of  the 
discharge  to  a  considerable  extent. 

The  vertical  staff  gage  is  in  two  sections.  The  low-water  part 
is  nailed  to  an  old  bridge  abutment  on  the  right  bank  about  3  feet 
from  the  cable;  the  high-water  section  is  nailed  to  the  west  face  of  a 
Cottonwood  tree  near  the  low- water  section.  Discharge  measure- 
ments are  made  from  a  cable. 

The  gage  datum  has  remained  unchanged  since  the  station  was 
estabUshed. 

The  flow  at  the  station  is  not  seriously  affected  by  ice.  The 
shifting  of  the  stream  bed  during  the  spring  high  water  and  summer 
floods  impairs  the  reliability  of  the  records. 

Discharge  measurements  of  Huntington  Creeh  near  Euntingtony  Utah^  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
sectioQ. 

Oaee 
hei^t 

Di»- 
charge. 

June  17 

E.  A.  Porter 

Fed. 
44 
35 
30.6 
32 
31 
31 
31 

Sq.ft. 
133 
78.3 
33.3 
30.1 
24.5 
27.6 
21.9 

Feet. 
4.80 
3.38 
2.65 
2.75 
2.66 
2.66 
2.51 

"'J- 

July  29 

Aug.  21 

21 

do 

138 

.do.           

78,8 

do 

65.5 

Nov.  6 

.do 

46.7 

30'' 

do 

65.3 

Dec.    5«> 

do 

40.4 

a  Ice  0.25  foot  thick  at  gauge.  ^  Ice  0  inches  thick  at  gafie. 

Daily  gage  height,  in  feet,  of  Huntington  Creek  near  Huntington^  Utah,  for  1909. 
[Joseph  Cunha,  observer.] 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1        

4.5 

4.7 

6.05 

5.16 

6.4 

6.46 

5.26 

5.1 

6.0 

6.0 

5.0 
6.0 
4.9 
4.9 
4.9 

4.7 

4.85 

4.75 

4.8 
4.65 

4.7 
4.75 
4.6 
4.6 

4.6 

4.65 
4.45 
4.45 
4.45 
4.45 

3.6 
3.5 
3.6 
3.6 
3.6 

3.6 
3.6 
3.4 
^.4 
3.4 

3.4 
3.4 
3.4 
3.4 
3.3 

3.3 
3.6 
3.9 
3.8 
3.7 

3.7 
3.6 
3.6 
3.5 
3.5 

3.4 
3.4 
3.4 
3.4 
3.4 
3.4 

3.4 
3.3 
3.3 
3.4 
3.3 

3.3 
3.4 
2.9 
2.8 
2.8 

2.7 
2.7 
2.6 
2.6 
2.6 

2.6 

2.9 

2.9 

2.95 

2.96 

2.95 

2.9 

2.8 

3.0 

2.9 

2.7 
2.8 
2.9 
2.8 
2.8 
2.8 

5.0 
4.0 
3.0 
3.0 
2.9 

2.9 
2.9 
2.8 
2.8 
2.8 

2.8 
2.7 
2.7 
2.6 
2.6 

2.6 
2.6 
2.6 
2.6 
2.5 

2.5 
2.6 
2.6 
2.7 
2.6 

2.6 
2.7 
2.6 
2.6 
2.6 

""2.'55' 
2.8 
2.6 
2.5 

2.6 
2.6 
2.6 
2.5 
2.6 

2.4 
2.4 
2.4 
2.4 
2.4 

2.4 
2.4 
2.4 
2.4 
2.4 

2.36 

2.4 

2.4 

2.6 

2.6 

2.6 

2.45 

2.46 

2.5 

2.45 

2.5 

2.6 

2.6 

2.46 

2.6 

2.6 

2.4 
2.4 
2.6 
2.6 
2.46 

2.6 

2.6 

2,46 

2.6 

2.6 

2.4 

2.6 

2.6 

2.66 

2.6 

2 

3 

3.0 
3.2 
3.45 

3.55 

3.7 

3.85 

3.9 

3.85 

4.0 

3.85 

3.7 

3.75 

3.8 

3.7 
3.7 
3.9 
4.1 
4.25 

4.4 

4.35 

4.3 

4.35 

4.05 

4.55 

4.55 

4.55 

4.55 

4.3 

4.4 

4 

6 

6 ;.... 

2.60 

7 

8 

9 

10 

2.7 

11 

12 

13 

14 

2.6 

15..                   

16 

2.6 

17 

18 

19        .       .         .                

2.6 

20 : 

21 

22  .     .              

23 



2.5 

24                   

25 

2.6 

26 

27  .                       

2.4 

28 

23 

1 

30 

2.7 

2.5 

31 

1 

Note.— Ice  prevailed  from  about  Nov.  20  to  Dec.  31;  Nov.  30,  ice  3  inches  thick. 
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Daily  discharge,  in  second-feet ,  of  Huntington  Creek  near  Huntington,  Utah,  for  1909, 


Day. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct .     Nov. 


1. 
2. 
3. 
4. 

5. 

6.. 
7. 
8. 
9. 
10. 

U. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


160 
212 
284 

314 
362 
412 
430 
412 


412 
362 
378 


362 
362 
430 
503 
560 

615 
598 
578 
580 
484 

672 
672 
672 
672 
578 
615 


656 
732 
875 
914 
820 

1,040 
948 
885 


826 
824 
780 
775 
772 

604 
750 
704 
726 


670 
688 
622 
621 
620 


556 
552 
551 
550 


225 
224 
222 
219 
216 

213 
210 
183 
180 

178 

175 
173 
170 
168 
144 

143 
189 
308 
268 
238 

235 
207 
180 
178 
175 

152 
150 
148 
147 
142 
147 


152 
134 
160 
163 
147 

152 
177 
82 
70 
75 

02 
64 
53 
54 

58 

46 
106 
110 
122 
124 

127 
120 
128 
140 
118 

84 
98 
114 
96 
94 


800 
408 
124 
122 
104 

103 
102 
85 

84 


42 
42 
33 
42 
42 

29 
31 
42 
42 
35 


82 
38 
38 

82 
41 
41 
45 
41 


Note.— These  discharges,  except  for  the  ice  period,  were  obtained  by  the  indirect  method  for  shifting 
channels. 

Monthly  discharge  of  Huntington  Creek  near  Huntington,  Utah,  for  1909. 


Month. 


DIachaige  in  second-feet. 
Maximum. 


Minimum. 


Mean. 


Run-off 


Aocu- 


(total  in   ,  ^^„ 
abre-lteet).  ^^^^ 

I 


May  3-31... 

June 

July 

August 

September. 

October 

November. . 
December. . 


672 
1,040 
306 
177 
800 
74 
42 


160 
&50 
142 
46 
37 
26 
29 


467 

741 

191 

107 

102 
35.0 
38.8 

«34.8 


26,900 
44,100 
11,700 
6,580 
6,070 
2,150 
2,310 
2,140 


The  period. 


215 


I 


102,000 


a  Estimated. 

None.— Nov.  21  to  30  and  Dec.  1  to  15,  daily  dischaige  estimated  as  40  second-feet;  Dec.  16  to  31,  esti- 
mated as  30  seoond-feet,  because  of  ice  conditions. 

OBAND  BIVEB  BASIN. 

DESCRIPTION. 

Grand  River  and  its  tributaries  drain  an  area  comprising  approxi- 
mately 26,000  square  miles,  of  which  22,290  are  in  Colorado  and  the 
rest  in  eastern  Utah.  On  the  east  and  southeast  the  basin  is  bounded 
by  the  high  ranges  of  the  Continental  Divide,  which  separate  it  from 
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the  basins  of  Platte  and  Arkansas  rivers ;  on  the  north  it  is  limited 
by  the  White  River  and  Book  Cliffs  Plateau,  on  the  west  by  the 
canyon  district  of  the  Colorado. 

Rising  among  the  high  peaks  of  the  Rocky  Mountains  in  the  north- 
central  portion  of  Colorado,  the  Grand  flows  southwestward  to  its 
junction  with  Green  River,  traversing  approximately  350  miles.  Its 
tributaries  include  Fraser,  Blue,  Eagle,  Williams  and  Roaring  forks, 
Gunnison  and  Dolores  rivers,  all  of  which  enter  from  the  south. 

In  most  respects  the  Grand  is  a  typical  mountain  stream,  flowing 
throughout  its  course  in  a  succession  of  deep  canyons,  whose  precipi- 
tous or  even  perpendicular  walls  range  in  height  up  to  3,000  feet  above 
the  water's  edge,  alternating  with  long,  narrow  fertile  valleys.  The 
headwater  region,  comprising  approximately  50  per  cent  of  the  basin, 
is  extremely  rugged,  elevations  ranging  from  7,000  to  14,000  feet 
above  sea  level.  Stream  channels  are  numerous,  tributaries  are 
rapid,  and  gradients  are  steep,  the  fall  ranging  from  20  to  150  feet 
to  the  mile.  The  intermediate  or  middle  portion  of  the  basin — that 
portion  immediately  east  and  west  of  the  Colorado  State  line — is  a 
dry,  broken,  much-eroded  region. 

The  rocks  of  the  basin  include  all  varieties,  from  the  granites  and 
masses  of  igneous  origin  on  the  crest  of  the  Continental  Divide  to  the 
younger  and  less  resistant  sedimentary  rocks  of  the  plateau  region. 
The  soils  of  the  upper  basin,  though  shallow,  generally  contain  con- 
siderable organic  matter;  those  of  the  intermediate  basin  are  largely 
decomposed  and  disintegrated  sedimentary  rocks,  which  grade  imper- 
ceptibly from  one  to  the  other.  The  scant  vegetation  of  the  lower 
basin  renders  soil  erosion  large. 

The  precipitation  ranges  from  5  to  10  inches  in  the  lower  basin,  10 
to  20  inches  in  the  intermediate  region,  and  20  to  30  inches  in  the 
headwater  region.  By  far  the  greater  part  of  the  precipitation  is  in 
the  form  of  snow. 

The  forestation  of  the  mountainous  part  of  the  basin,  except  in  a 
few  locahties,  is  good — the  equal  of  any  in  Colorado.  The  forests 
consist  of  spruce,  quaking  asps,  cedars,  and  piflon.  The  intermediate 
basin  is  fairly  well  forested  with  quaking  asp,  cedar,  and  pifion.  The 
lower  basin  supports  only  scattered  pines,  cedars,  and  piftons,  the  pre- 
vailing vegetation  being  sagebrush,  chico,  and  cactus  pads. 

The  greater  part  of  the  timbered  area  in  the  Grand  River  basin 
above  the  Gunnison  is  included  in  the  Arapahoe  and  Holy  Cross 
national  forests.  These  reserves  in  the  Grand  drainage  basin  include 
about  1,400  square  miles  of  merchantable  timberland,  900  square 
miles  of  woodland,  and  about  800  square  miles  of  burned  area. 

In  the  middle  basin,  from  the  lower  end  of  Gore  Canyon  to  about 
Rifle,  30,000  to  35,000  acres  will  be  irrigated  under  half  a  dozen  small 
projects  now  contemplated.     In  the  lower  basin  the  Reclamation 
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Service  has  under  way  the  Grand  Valley  project,  to  cover  an  irrigable 
area  of  60,000  to  70,000  acres.  Under  other  schemes  40,000  to  60,000 
acres  more  will  be  irrigated.  The  Uncompahgre  Valley  project, 
which  diverts  water  from  the  Gunnison,  has  finished  structures  capa- 
ble of  irrigating  about  60,000  acres.  The  completed  project  will 
serve  about  150,000  acres. 

Natural  storage  within  the  basin  is  restricted  to  a  few  high  moun- 
tain lakes,  of  which  Grand  Lake  is  the  largest.  There  are,  however, 
reservoirs  sites  along  the  Grand  and  its  tributaries  which  if  utilized 
would  make  possible  a  development  of  1,000,000  horsepower.  The 
Kremmling  reservoir  site  is  by  far  the  best  in  the  drainage  basin.  It 
is  located  near  the  upper  end  of  Gore  Canyon  and  with  a  230-foot 
dam  would  impound  about  2,200,000  acre-feet  of  water.  A  standard- 
gauge  railroad  now  runs  through  this  site. 

Until  recently  the  splendid  power  resources  of  this  drainage  basin 
have  remained  practically  untouched.  The  estimated  available 
power,  including  that  on  Dolores  and  Gunnison  rivers,  is  as  follows: 

Minimum  horsepower 540, 000 

Minimum  horsepower  (6  high  months) 1, 000, 000 

Horsepower  from  storage  (6  months*  i)eriod) 1, 600, 000 

Of  this  amount  less  than  40,000  horsepower  has  so  far  been  developed. 

Hot  sulphur  springs  are  located  along  Grand  River  at  two  points — 
Hot  Sulphur  Springs  and  Glenwood  Springs,  Colo. — and  in  both 
localities  they  increase  the  temperature  of  the  river  water,  but  probably 
all  these  springs  together  add  less  than  20  second-feet  to  the  flow  of 
the  river.  The  years  of  maximum  run-off  in  this  drainage  basin  were 
1897  and  1907 ;  the  year  of  maximum  run-off  since  records  were  begun 
was  1902. 

Fraser,  Eagle,  Williams  and  Roaring  forks  and  Gunnison  River 
are  described  in  connection  with  gaging  stations  now  maintained. 
The  importance  of  Dolores  River  entitles  it  to  the  following  brief  de- 
scription, although  no  station  is  now  maintained  in  its  basin. 

The  Dolores  rises  in  the  La  Plata  and  San  Miguel  mountains,  whose 
highest  peak,  Mount  Wilson,  attains  an  elevation  of  over  14,000  feet. 
Its  course  is  southwesterly  for  about  50  miles,  when  it  turns  and  flows 
almost  due  north  for  nearly  100  miles,  when  it  again  turns  to  the 
west  and  enters  Grand  River  about  15  miles  west  of  the  Colorado- 
Utah  line.  For  the  greater  part  of  its  course  the  river  flows  through 
deep  canyons,  and  along  the  stream  itself  comparatively  little  irri- 
gation is  practiced.  In  the  vicinity  of  Dolores,  however,  the  valley 
broadens,  and  for  about  40  miles  has  a  width  of  half  a  mile  to  a  mile. 
A  considerable  part  of  this  area  is  cultivated.  In  Paradox  Valley 
9ho  considerable  land  is  cultivated,  chiefly  from  small  tributaries 
running  into  the  main  stream.  By  far  the  greater  part  of  the  Do- 
lores River  water  is  used  for  irrigation  in  the  San  Juan  drainage  basin, 
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to  which  it  is  diverted  by  means  of  a  tunnel  and  a  great  cut  into  the 
Montezuma  Valley. 

San  Miguel  River,  the  most  important  tributary  of  the  Dolores, 
which  drains  an  area  immediately  west  of  the  headwaters  of  the  Un- 
compahgre  River,  rises  in  San  Miguel  County,  Colo.,  and  enters  the 
Dolores  about  12  miles  east  of  the  Colorado-Utah  line  at  an  elevation 
of  about  5,000  feet.  In  general  the  stream  and  its  tributaries  flow 
northeasterly.     Considerable  land  along  the  San  Miguel  is  irrigated. 

The  mean  annual  run-off  of  Dolores  River  above  the  mouth  of  the 
San  Miguel  is  nearly  400,000  acre-feet,  and  the  San  Miguel  furnishes 
at  least  half  that  amount. 

Probably  600  square  miles  of  the  Dolores  River  basin  is  covered 
with  merchantable  timber  and  as  much  more  is  woodland.  The 
total  area  of  this  basin  is  about  4,500  square  miles. 

The  basin  contains  several  small  storage  reservoir  sites,  a  few  of 
which  have  been  developed,  both  for  power  and  irrigation.  Theo- 
retically, by  utilizing  storage  it  would  be  possible  to  develop  from 
75,000  to  100,000  horsepower  in  the  Dolores  drainage  basin.  The 
river  has  an  average  fall  of  over  20  feet  per  mile  throughout  almost 
its  whole  course,  and  a  great  stretch  of  the  San  Miguel  has  an  average 
fall  of  more  than  50  feet  to  the  mile.  Several  water-power  plants 
are  in  operation  along  the  upper  San  Miguel  and  its  tributaries,  the 
development  aggregating  nearly  10,000  horsepower,  of  which  about 
7,500  horsepower  is  developed  at  the  Ames,  Howard  Fork,  and  IlUum 
plants  of  the  Telluride  Power  Co.  One  plant  on  Bridal  Veil  Creek 
is  utilizing  a  head  of  2,000  feet  to  develop  1,200  horsepower. 

NORTH  FORK  OF  GRAND  RIVER  NEAR  GRAND  LAKE,  COLO. 

This  station,  which  was  estabUshed  July  29,  1904,  is  located  at  the 
highway  bridge  on  the  road  between  Grand  Lake  and  Grandby,  and 
is  about  3  miles  southwest  of  Grand  Lake  post  office,  Colo.,  and 
about  2  miles  above  Grand  Lake  Outlet,  which  is  the  most  important 
tributary  of  this  fork  of  the  Grand.  The  nearest  railroad  is  the 
Denver,  Northwestern  &  Pacific,  at  Granby,  Colo.,  distant  about 
12  miles. 

One  large  ditch  above  the  station  diverts  water  into  the  head- 
waters of  the  Cache  la  Poudre,  in  the  South  Platte  drainage  basin. 

Winter  records  at  this  station  are  more  satisfactory  than  at  the 
other  stations  on  the  headwaters  of  the  Grand,  as  near-by  springs 
tend  to  keep  the  stream  at  the  gaging  station  more  or  less  open. 

The  location  and  datum  of  the  staff  gage,  which  is  at  the  bridge, 
have  remained  unchanged  during  the  maintenance  of  the  station. 

Fairly  good  results  have  been  obtained  at  this  station,  though 
low-stage  measurements,  because  of  sluggish  current,  are  not  entirely 
satisfactory. 

The  station  was  discontinued  September  30,  1909. 
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Discharge  measurements  of  North  Fork  of  Grand  River  near  Grand  Lake,  Colo.,  in  1909. 


Date. 

Width. 

Area  of 
section. 

Gage 
height. 

Dis- 
charge. 

May  3  a 
Aug.  96 

C.  L.  Chatfleld 

Feet. 

40 

S,.ft 

Feet. 
3.60 
3.97 

Sec'fl. 
46 

W.  B.  Freemaii 

44                42 

88 

a  CliaiiDel  practically  open.  ^  Made  by  wading  at  different  sections. 

Daily  gage  height^  in  feet,  of  North  Fork  of  Grand  River  near  Grand  Lake,  Colo.,  for  1909. 

[Harry  W.  Carr,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1 

3.35 

3.3 

3.35 

4.7 

4.8 

&0 

6.26 

6.35 

5.8 
6.8 
6.8 
6.8 
6.7 

6.6 

5.45 

5.45 

6.5 

5.6 

6.6 
6.8 
6.1 
6.5 
6.6 

6.2 
6.1 
6.1 
6.2 
6.1 

6.1 
5.9 
5.9 
5.7 
5.7 

5.7 
6.8 
6.8 
6.1 
6.1 

5.8 
5.6 
6.5 
6.4 
6.0 

4.8 

4.8 

4.7 

4.65 

4.6 

4.55 

4.5 

4.6 

4.6 

4.6 

4.6 

4.45 

4.45 

4.6 

4.4 

4.35 

4.3 

4.2 

4.2 

4.15 

4.15 

4.15 

4-15 

4.1 

4-05 

4.06 

4.0 

4.0 

4.0 

3.95 

3.95 

3.96 

4.0 

4.0 

3.95 

3.9 

4.0 
4-1 
4.4 
4.1 
4.0 

3.95 

3.9 

3.9 

3.86 

3.85 

3.85 

3.85 

3.8 

3.8 

3.8 

3.9 

3.9 

2 

3.35 
3.35 

3.9 

3 

3.3 

3.35 

3.35 
3.35 

3.85 

4 

3.86 

6 

3.35 

3.3 

3.35 

3.85 

6 

3.35 

4.1 

3.86 

7 

3.35 

3.3 

3.35 

3.85 

8 

3.35 

■"3.36 

3.35 

'"'4.' 26" 

4.2 

9 

3.35 



3.35 

3.35 
3.4 

"i'36' 
3.35 

4.15 

10 

4.0 

11              

3.35 
*3.'3" 

"i's" 

"i'35" 
"'*i*35" 

3.35 

3.96 

12 

4.0 

3.9 

13 

3.35 

"3.' 36" 

3.4 

"is ' 

4.46 

4.6 

4.5 

4-65 

4.8 

5.0 

5.1 

5.0 

6.0 

4.85 

4.7 

4.6 

4.65 

4.75 

5.0 

4.75 

4.5 

3.8 

14 

3.4 

3.8 

15 

3.8 

16 : 

3.35 
3.35 
3.35 

3.8 

17 

3.8 

18 

3.35 

3.4 

3.8 

19                 

3.8 

20 

3.3 

3.35 
3.36 

3.36 

*'3."35" 
"3.'4  " 

3.4 

'3.' 6* 
3.6 
3.7 

3.76 

21 

3.75 

23 

i*36 
3.35 

3.76 

23 

3.3 

3.35 

3.7 

24 

3.7 

2.5 

3.35 

3.3 

3.55 

3.7 

26 

3.7 

27   .              ... 

3.6 

3.35 
3.4 

3.3 
3.3 

3  65 

28 

3.65 

29 

3.6 

3.65 

30 

8.35 

3.65 

31 

3.4 

NoTB.— Slight  ice  conditions  from  Jan.  1  to  Apr.  26.    Ice  affected  gage  heights  on  Jan.  12, 27,  and  29. 
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Daily  cKscharge^  in  second-feet^  of  North  Fork  of  Grand  River  near  Grand  Lake,  Colo., 

for  1909. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

.15 
15 
15 
15 
16 

15 
15 
16 
16 
16 

15 
15 
15 
15 
15 

19 
19 
19 
17 
15 

15 
15 
17 
19 
19 

19 
31 
43 
43 
55 

May. 

June. 

July. 

Aug. 

Sept. 

1 

16 
15 
15 
15 
15 

15 
15 
15 
15 
16 

17 
18 
19 
19 
17 

15 
15 
15 
14 
12 

14 
15 
15 
15 
15 

15 
15 
15 
17 
17 
19 

15 
14 
12 
12 
12 

12 
12 
14 
15 
15 

15 
14 
12 
12 
12 

14 
15 
15 
15 
15 

16 
14 
12 
12 
12 

14 
15 
19 

12 
14 
15 
15 
16 

16 
15 
15 
15 
19 

19 
19 
17 
15 
16 

15 
15 
16 
15 
15 

15 
15 
15 
22 
30 

21 
12 
12 
14 
15 
15 

65 
80 
90 
105 
120 

130 
145 
161 
177 
195 

213 
231 
249 
267 
248 

306 
267 
326 
390 
479 

628 
479 
479 
412 
347 

306 
326 
368 
479 
368 
347 

347 
390 
479 
611 
671 

970 
970 
970 
970 
902 

767 
734 
734 
767 
767 

767 

970 

1,190 

1,530 

1,620 

1,270 
1,190 
1,190 
1,270 
1,190 

1,190 

1,040 

1,040 

902 

902 

902 

970 

970 

1,190 

1,190 

970 
834 
767 
702 
479 

390 
390 
347 
326 
306 

286 
267 
467 
267 
267 

267 
248 
248 
306 
230 

212 
194 
160 
160 
145 
145 

146 
146 
130 
118 
118 

106 
106 
105 
95 
95 

95 
105 
105 
96 
85 

105 
130 
230 
130 
106 

95 
*  85 
86 
77 
77 

77 
77 
09 
60 
60 
86 

85 

2 

85 

3 

77 

4 

77 

6 

77 

6 

77 

7...                

77 

8 

160 

9 

146 

10 

105 

11 

95 

12 

85 

13 

eo 

14 

09 

16 

60 

16 

00 

17 

60 

18 

60 

19 

60 

20 

62 

21 

63 

22 

62 

23 

55 

24 

55 

26 

55 

26 

55 

27 

49 

28 

49 

29 

49 

30 

49 

31 

Note.— These  discharges  are  based  on  rating  curves  applicable  as  follows: 

Jan.  1  to  Apr.  26,  an  ice  curve,  not  defined:  Apr.  28  to  Sept.  30,  well  defined  below  1,000  second-feet. 
Discliarges  for  days  on  which  gage  was  not  read  estimated.   Discharges  for  Jan.  12,  27,  and  29  estimated 
because  ofserious  ice  conditions. 


Monthly  discharge  of  North  Fork 

of  Grand  River  near  Grand  Lake,  Colo,  y  for  J 909. 

Month. 

Discharge  in  second-feet. 

Run-off 
(total  in 
acre-feet). 

Accu- 

Maximum. 

Minimum. 

Mean. 

racy. 

January 

19 

19 

30 

55 

628 

1.620 

1,190 

230 

160 

12 
12 
12 
16 

15.6 
13.7 
16.0 
19.7 

909 

761 

984 

1.170 

17,200 

56,200 

28,600 

6,400 

4,420 

D. 

February 

D. 

March             

C. 

April 

C. 

May 

(V5 

280 

B. 

June 

347          944 
146          465 
69           104 
49            74.3 

A. 

July 

A. 

August 

B. 

September 

B. 

The  period 

117,000 

GRAND   RIVER   NEAR   GRANBY,  COLO. 

This  station,  which  was  established  June  19,  1908,  is  located  at  a 
highway  bridge  that  crosses  the  river  about  4  miles  from  Granby  on 
the  road  to  Grand  Lake. 

The  station  is  about  4  miles  below  the  junction  of  North  and  South 
forks,  about  the  same  distance  above  the  mouth  of  Fraser  River,  and 
is  above  the  mouth  of  Willow  Creek.  The  drainage  area  is  about 
500  square  miles. 
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No  important  diversions  are  made  on  the  South  Fork  or  on  the 
main  stream  above  the  station.  This  basin  affords  some  excellent 
storage  sites.  Several  filings  for  power  development  have  been  made 
above  this  station,  but  additional  opportunities  for  filing  no  doubt 
exist.  A  small  power  plant  is  located  on  a  tributary  of  the  South 
Fork. 

Measurements  of  discharge  are  made  from  a  cable  300  feet  down- 
stream from  the  bridge. 

Thick  ice  covers  the  river  for  about  four  months  each  year  and 
anchor  ice  also  occurs. 

The  location  and  datum  of  the  gage  have  remained  unchanged 
during  the  maintenance  of  the  station. 

Discharge  measurements  of  Grand  River  near  Granby,  Colo.,  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Gace 
heigit. 

Dis. 
charge. 

Mar.  10a 

C.  L.  Chatfleld 

Feet. 
25 
95 
98 
100 
111 
90 
85 

145 
153 
144 
411 
170 
104 

Feet. 
2.40 
2.10 
2.55 
2.46 
4.65 
2.41 
1.67 

Sec.'ft. 
33 

May  4 

do 

259 

?:.:: 

.  .do.                   

386 

8 

do 

343 

June  17 

do 

2,590 
366 

Aug.  9 

W.  B.  Freeman 

Oct.  14 

R.  H.  Woolsey 

122 

o  Ice  conditions. 

Daily  gage  height,  in  feet,  of  Grand  River  near  Granhy,  Colo.,  for  1909. 
[J.  P.  Switzer,  observer.] 


Day. 


Jan.      Feb.     Mar.     Apr.     May.    June.    July.     Aug.    Sept.     Oct.     Nov.    Dec. 


11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 


26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


2.25 

2.2 

2.15 

2.25 

2.25 

2.4 

2.35 

2.45 

2.5 

2.5 

2.45 

2.46 

2.5 

2.5 

2.6 

2.6 

2.55 

2.5 

2.5 

2.55 

2.5 
2.5 
2.5 
2.45 
2.55 

2.65 
2.65 
2.7 
2.6 
2.6 
2.6 


2.5 
2.6 
2.5 
2.5 
2.6 

2.4 
2.35 
2.4 
2.4 
2.4 

2.35 

2.4 

2.4 

2.4 

2.35 

2.4 

2.45 

2.46 

2.3 

2.6 

2.65 

2.95 

2.7 

2.7 

2.6 

2.65 
2.45 
2.6 


2.6 

2.36 

2.5 

2.8 

2.6 

2.7 
3.05 
2.65 
2.6 
2.85 

2.86 

2.8 

2.7 

2.6 

2.8 

2.85 
2.95 
3.15 
3.05 
3.05 

3.05 

3.1 

3.05 

2.96 

2.95 

2.96 
3.05 
3.05 
3.16 
3.05 
3.05 


2.9 
2.9 
2.95 
2.9 
2.9 

2.6 
2.8 
2.6 
2.8 
2.85 

2.76 

2.65 

2.7 

2.85 

2.9 

2.9 

3.1 

3.0 

2.96 

2.6 

1.65 

1.4 

1.65 

1.55 

1.56 

1.65 
1.7 
1.75 
1.85 
1.9 


1.8 
1.8 
1.85 
2.05 
2.30 

2.6 

2.65 

2.66 

2.6 

2.6 

2.76 
2.8 
2.85 
2.76 
2.8 

2.8 
2.9 
2.95 
3.05 
3.3 

3.4 
3.56 
3.7 
3.6 
3.3 

3.1 

3.0 

3.1 

3.46 

3.25 

3.1 


3.16 

3.2 

3.4 

3.7 

4.2 

4.6 
4.76 

4.85 
4.8 
4.6 

4.4 

4.3 

4.36 

4.3 

4.3 

4.35 
4.56 
4.9 
6.3 
5.45 

6.05 
6.05 
5.05 
5.05 
6.16 

4.95 

6.0 

4.95 

4.76 

6.05 


6.05 
4.95 
5.05 
4.95 
4.70 

4.55 
4.25 
4.15 
4.05 
3.95 

3.75 
3.6 
3.65 
3.36 
3.3 

3.3 
3.26 
3.2 
3.2 
3.2 

3.2 
3.1 
3.0 
3.1 
3.05 

3.05 
3.05 
2.86 
2.75 
2.7 
2.55 


1 


2.65 
2.65 
2.55 
2.6 
2.4 

2.45 

2.46 

2.5 

2.4 

2.45 

2.4 
2.56 
2.6 
2.65 
2.6 

2.6 
2.65 
2.8 
2.65 
2.56 

2.56 

2.6 

2./6 

2.36 

.2.3 

2.3 
2.2 
2.2 
2.2 
2.2 
2.2 


2.2 

2.25 

2.20 

2.20 

2.15 

2.2 

2.65 

2.55 

2.5 

2.46 

2.35 
2.3 
2.35 
2.3 
2.2 

2.1 

2.05 

2.0 

2.0 

2.0 

1.9 
1.8 
1.8 
1.8 
1.8 


1.7 
1.7 
1.7 
1.7 
1.7 

1.7 
1.7 
1.6 
1.6 
1.6 

1.6 
1.6 
1.6 
1.6 
1.6 

1.6 
1.6 
1.6 
1.6 
1.6 

1.6 
1.6 
1.6 
1.6 
1.46 

1.45 

1.46 

1.45 

1.4 

1.4. 

1.4 


1.36 
1.36 
1.35 
1.35 
1.36 

1.35 
1.35 
1.35 
1.36 
1.35 

1.35 

1.35 

1. 

1. 

1. 

1. 
1. 
1. 
1. 
1. 

1. 
1. 
1. 
1. 
L 

1. 
1. 
1. 
1. 
1. 


1.3 
1.3 
1.3 
1.3 
1.3 

1.3 
1.3 
1.3 
1.3 
1.3 

1.3 

1.3 

1.3 

1.76 

1.8 

1.9 
1.86 
1.56 
1.86 
1.86 

1.8 
1.8 
1.8 
1.8 
1.8 

1.8 

1.8 

1.75 

1.7 

1.8 

1.8 


Note.— Ice  conditions  from  Jan.  1  to  Apr.  20  and  from  Dec.  14  to  31, 
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Daily  dischargey  in  second-fut,  of  Grand  River  near  Oranby,  Colo.,  for  1909. 


Day. 


1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

2a. 

27. 
28. 
29. 
30. 
31. 


Apr. 


98 
70 
120 
98 
98 

120 
132 
144 
170 
184 


May.   Jane. 


157 
157 
170  I 
230 
317 

406 
430 
482 
455 
455 

540 
570 
600 
540 
570 

570 
630 
662 
730 
920 

1,000 
1,140 
1,290 
1,100 
920 

765 
695 
765 
1,060 
880 
765 


802 

840 

1,000 

1,290 

1,870 

2,310 
2,720 
2,890 
2,800 
2,470 

2,160 
2,010 
2,060 
2,010 
2,010 

2,080 
2,390 
2,980 
3,720 
4,000 

3,250 
3,250 
3,250 
3,250 
3,440 

3,070 
3,160 
3,070 
2,720 
3,250 


July. 


3,250 
3,070 
3,250 
3,070 
2,630 

2,390 
1,940 
1,800 
1,680 
1,560 

1,340 

1,190 

1,140 

902 

920 

920 
880 
840 
840 
840 

840 
765 
605 
766 
730 

730 
730 
600 
540 
510 
430 


Aug. 


Sept. 


430 
430 
430 
406 
359 

382 
382 
405 
359 
382 

350 
430 
455 
430 
405 

455 
430 
570 
482 
430 

430 
405 
382 
338 
317 

317 
280 
280 
280 
280 
280 


280 
296 
280 
280 
263 

280 
430 
430 
405 


317 
338 
317 
280 

246 
230 
214 
214 
214 

184 
157 
157 
157 
157 

132 
132 
132 
132 
132 


Oct. 


132 
132 
132 
132 
132 

132 
132 
109 
109 
109 

109 
109 
109 
109 
109 

100 
100 
109 
100 


Nov. 


Dec 


54 
54 
54 
54 

54 

54 
54 
54 

54 
54 

54 
54 
54 


NoTB.— These  dischaixes  are  based  on  a  rating  curve  that  is  well  defined. 

Daily  discharges  from  Jan.  1  to  Apr.  20  probably  average  from  33  to  50  second-feet.    Mean  discharge  fh>m 
Dec.  14  to  31  estimated  as  40  second-feet. 

Monthly  discharge  of  Grand  River  near  Granby,  Colo.  ^  for  1909. 


Month. 


May 

June 

July 

August 

September. 

October 

November. . 
December.. 


The  period . 


Discharge  in  second-feet. 


Maximum.    Minimum 


1,290 
4,000 
3,250 
570 
430 
132 
70 


157 
802 
430 
280 
132 
70 
62 


Mean. 


644 
2,540 
1,350 

387 

260 

103 

67 
45.9 


Run-off 

(total  in 

acre-feet). 


39,600 
151.000 
83,000 
23,800 
14,900 
6.330 
3,990 
2,820 


325,000 


Accu- 
racy. 


GRAND   RIVER   AT   SULPHUR   SPRINGS,    COLO. 

This  station  was  originally  established  July  27,  1904,  at  the  high- 
way bridge  one-eighth  mile  below  Sulphur  Springs.  On  April  17, 
1906,  it  was  moved  to  a  new  highway  bridge,  about  1,000  feet  above 
the  old  location,  and  a  standard  chain  gage  was  installed.  This 
gage  has  no  determined  relation  to  the  old  gage.  The  station 
was  discontinued  September  30,  1909.     The  data  obtained  are  used 
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to  check  up  the  results  at  other  stations  on  Grand  River  and  its  trib- 
utaries and  to  afford  a  basis  for  estimating  the  flow  of  some  of  the 
smaller  tributaries.  * 

The  Grand  is  joined  by  Fraser  River  about  10  miles  above  Sulphur 
Springs  and  by  Williams  Fork  a  few  miles  below.  The  drainage  area 
at  the  station  is  about  950  square  miles. 

A  number  of  small  private  ditches  divert  water  for  meadow  irri- 
gation along  the  principal  tributaries  above  the  station  and  along 
the  Grand.  A  number  of  large  diversion  ditches  are  located  in  the 
lower  drainage  basin.  Filings  for  power  development  are  numerous 
from  source  to  mouth;  but  it  is  probable  that  a  large  amount  of  this 
water  would  still  be  available  for  appropriation  for  irrigation. 

The  river  at  the  station  freezes  across  for  about  four  months  each 
year,  the  ice  sometimes  reaching  a  depth  of  2  feet.  No  artificial 
control  is  used. 

On  accoimt  of  unfavorable  measuring  conditions  during  the  winter 
months  at  the  regular  section,  temporary  gages  have  been  main- 
tained in  a  canyon  one-fourth  mile  below,  where  the  river  is  open 
and  where  measurements  can  be  made  by  wading.  A  temporary 
gage  was  used  from  January  25  to  March  17,  1908,  and  another, 
200  feet  nearer  the  regular  station,  from  November  25  to  December 
20,  1908.  From  April  1  to  16,  1908,  an  old  staff  gage  was  read  by 
the  observer  instead  of  the  chain  gage.  .  Gage  heights  for  this 
period  were  adjusted  to  refer  to  the  chain-gage  datum.  Beginning 
December  22,  1908,  readings  were  resumed  at  the  chain  gage  by 
measuring  through  a  hole  cut  in  the  ice. 

The  accuracy  of  the  results  obtained  at  the  old  location  of  the 
station  was  affected  to  a  certain  extent  by  a  bend  in  the  river  above 
the  station,  by  the  bridge  pier,  and  by  ice. 

Discharge  measurements  of  Grand  River  at  Sulphur  Springs^  Colo.y  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Oase 
height. 

charge. 

Mar.  10a 

C.  L.  Chatfleld  . . . 

Feet. 

56 
103 

83 
303 
110 

Sq.fl. 
72 
194 
278 
902 
226 

Feei. 

&2.66 
2.40 
3.20 
6.17 
2.70 

Sec^t. 
102 

Apr.  29 
May     H 

do 

543 

.::::do::. .:;:::::. 

1,060 
5  140 

June  17  r 

do 

Aug.    8 

do 

008 

a  Made  by  wading  in  mouth  of  canyon. 
b  Gage  height  distorted  by  ioe  conditions. 
«  Stay  Itaie  used.  • 


Digitized  by 


Google 


96  SUBFACE   WATER  SUPPLY,  1909,  PART  IX. 

Daily  gage  height ^  infeety  of  Grand  River  at  Svlphvr  Springs,  Colo.,  for  1909. 
[E.  L.  Chatfleld,  Jr.,  obeerver.) 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

1 

2.6 
2.55 
2.6 
2.6 
2.6 

2.66 
2.6 
2.55 
2.55 
2.6 

2.65 
2.75 
3.0 
3.06 
3.1 

3.1 

3.1 

3.1 

3.05 

3.05 

3.05 
3.05 
3.0 
3.0 
2.9 

2.9 
2.9 
2.9 
2.85 
2.8 
2.8 

2.8 
2.75 
2.75 
2.75 
2.7 

2.7 

2.8 

2.8 

2.75 

2.8 

2.75 
2.75 
2.75 
2.8 
2.8 

2.75 
2.75 
2.75 
.     2.75 
2.8 

2.8 
2.75 
2.8 
2.8 
2.75 

2.75 

2.7 

2.7 

2.7 

2.7 

2.76 

2.7 

2.7 

2.65 

2.65 

2.66 

2.7 

2.65 

2.6 
2.6 
2.6 
2.6 
2.66 

2.65 

2.65 

2.65 

2.7 

2.76 

2.8 
2.9 
3.0 
3.0 
3.05 

2.96 

2.9 

2.75 

2.7 

2.65 

2.65 

2.6 

2.3 

2.45 

2.45 

2.2 

2.4 

2.35 

2.25 

2.3 

2.25 

2.1 

2.0 

1.9 

1.95 

2.0 

2.0 

2.1 

2.1 

2.05 

2.2 

2.2 
2.2 
2.36 
2.35 
2.5 

2.5 
2.7 
2.7 
2.5 
2.6 

2.15 

2.2 

2.3 

2.45 

2.5 

3.1 

3.06 

2.96 

3.0 

3.4 

3.55 

3.6 

3.4 

3.4 

3.4 

3.4 
3.5 
3.7 
3.9 
4.2 

4.55 

4.55 

4.7 

4.8 

4.55 

4.0 
3.9 
4.1 
4.7 
4.4 
4.3 

4.2 
4.3 
4.7 
5.2 
5.5 

5.9 
6.5 
6.6 
6.66 
6.6 

6.35 
6.2 
6.0 
5.8 
5.55 

5.66 
6.26 
6.35 
6.45 
6.45 

6.6 

6.5 

6.3 

6.35 

6.55 

6.0 

6.66 

6.5 

6.2 

6.26 

6.3 
6.3 
6.2 
6.1 
6.15 

6.0 

6.7 

5.35 

5.06 

4.86 

4.8 
4,75 
4.8 
4.85 
3.75 

3.7 

3.65 

3.65 

3.7 

3.6 

3.65 
3.6 
3.6 
3.56 
3.46 

3.4 
3.4 
3.4 
3.4 
3.3 
3.3 

3.2 

3.2 

3.1 

3.05 

3.0 

2.9 
2.8 
2.8 
2.65 
2.7 

2.8 
2.9 
2.9 
2.9 
2.85 

2.95 

3.05 

3.2 

3.3 

3.2 

3.1 
3.0 
2.8 
2.7 
2.6 

2.6 
2.6 
2.65 
2.45 
2.46 
2.7 

2.6 

2 

2.6 

3 

2.6 

4 

2.6 

5 

2.5 

6, 

2.5 

7 

2  5 

8 

2.5 

9 

2.5 

10 

2.4 

11 

2.4 

12 

2.5 

13 

2.4 

14 

2  4 

15 

2.35 

16 

2.4 

17 

2.4 

18 

2.4 

19 

2.35 

20 

2.4 

21 

2.36 

22 

2.3 

23 

2  2 

24 

2.25 

25 

2.26 

26  

2  2 

27 

2.2 

28 

2.2 

29 

2.2 

30 

2.3 

31 

Note.— loe  oondltioDs  from  Jan.  1  to  Apr.  1. 
Daily  discharge,  in  second-feet,  of  Grand  River  at  Sulphur  Springs,  Colo.,  for  1909. 


May. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

May. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1 

a4S5 
485 
573 
573 
429 

543 
514 
467 
485 
457 

373 
320 
271 
296 
320 

401 
429 
486 
673 
603 

1,020 
978 
902 
940 

1,260 

1,380 
1,430 
1,260 
1,260 
1,260 

2,100 
1,230 
2,780 
3,530 
4,010 

4.670 
5,700 
5.880 
6.970 
5.880 

5.440 
5.180 
4,840 
4.500 
4,090 

5,360 
5,350 
5,180 
5,010 
5,100 

4,840 
4.330 
3.770 
3.300 
3,000 

2.930 
2.860 
2,930 
3.000 
1,580 

980 
935 
800 
860 
810 

745 
680 
680 
585 
615 

680 
746 
746 
745 
712 

565 
565 
555 

555 
500 

500 
500 
500 
500 
445 

445 
600 
445 
445 
418 

16 

320 
373 
373 
346 
429 

429 
429 
514 
514 
603 

603 
729 
729 
603 
665 

1,260 
1.340 
1,530 
1,740 
2.100 

2,670 
2,570 
2,780 
2,930 
2,570 

1.860 
1,740 
1,980 
2,780 
2,360 
1.230 

4,090 
5,260 
5,440 
5.610 
5,610 

5.880 
6,700 
5.350 
5,440 
5,790 

6,420 
5,970 
5,700 
5,180 
5,260 

1,530 
1,470 
1,460 
1,500 
1,390 

1,430 
1,370 
1,360 
1.310 
1,220 

1,170 
1,170 
1,160 
1,150 
1,070 
1,060 

780 
850 
960 
1,040 
960 

886 
815 
680 
615 
555 

555 
555 
685 

472 
472 
615 

445 

2 

17 

445 

3 

18 

445 

4 

19 

418 

5 

20 

445 

6 

21 

418 

7 

22 

390 

8 

23 

340 

0 

24 

365 

10 

26 

365 

11 

26 

340 

12 

27 

340 

13 

28 

340 

14 

29 

340 

15 

30 

390 

31 

1 

a  Estimated. 

Note.— These  discharges  are  based  on  rating  curves  applicable  as  follows:  Apr.  2  to  July  14,  fMrly  well 
defined;  July  16  to  Aug.  5,  indirect  method  for  sliifting  channels  used;  Aug.  6  to  Sept.  30, fairly  well  defined. 
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Month. 

Discharge  in  second-feet. 

Run-off 

(total  in 

acre-feet). 

Accu- 

Minimum. 

Mean. 

racy. 

April 

729 
2,930 
6,420 
5.350 
1,040 

555 

271 
401 
1,230 
1,060 
472 
340 

475 

1,530 

4,950 

2,560 

735 

441 

28,300 
94,100 
295,000 
157,000 
45,200 
26,200 

A. 

1^!::::::. ::.::::.::.:::.:::::::::..::..::. ..:... 

A. 

June 

A. 

July 

B. 

August 

A. 

September 

A. 

The  period 

646,000 

GRAND   RIVER   NEAR   EREMMLINO,  COLO. 

This  station,  which  was  established  July  24,  1904,  is  located  at  the 
upper  end  of  Grore  Canyon,  about  3  miles  southwest  of  Kxemmling, 
Colo.,  near  the  Kjemmling  reservoir  dam  site,  which  is  the  largest 
in  Colorado. 

The  records  obtained  at  this  station  show  the  water  available  for 
storage  and  power  development  and  are  used  also  to  estimate  prob- 
able run-off  of  some  of  the  smaller  tributaries  between  Kjemmling 
and  Sulphur  Springs. 

Blue  River,  the  largest  tributary  above  this  station,  empties  into 
the  Grand  about  2  miles  above.  Other  important  tributaries  between 
Kremmling  and  Sulphur  Springs  are  Williams  Fork  and  Troublesome 
and  Muddy  rivers. 

A  number  of  private  ditches  divert  water  for  meadow  irrigation  from 
both  the  main  stream  and  its  tributaries  between  Sulphur  Springs 
and  this  station. 

The  river  is  frozen  completely  across  at  the  station  for  about  four 
months  each  year.  During  this  period  the  records  are  affected  by 
the  surface  ice  and  also  by  anchor  ice  forming  in  the  riffle  just  below 
the  gage. 

On  October  18,  1906,  the  present  slope  gage  was  established  on 
the  opposite  side  of  the  river  from  the  old  chain  gage.  The  zero  of 
the  slope  gage  is  about  0.70  foot  above  the  zero  of  the  old  gage. 
Measurements  of  discharge  are  made  from  a  cable  a  few  feet  down- 
stream from  the  gage. 

Scouring  during  high  stages  and  silting  during  low  stages  affect  the 
accuracy  of  results.     Data  obtained  are  good  at  high  and  medium 
stages,  but  at  low  stages  are  not  so  accurate. 
95620*'~wsp  269— 11 7 
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DMiarge  meamirements  of  Grand  River  near  Kremmling,  Colo.f  in  1909. 


Date. 


Hydrographer. 


Width. 


Ana  of 
section. 


height. 


Dl0- 
chaige. 


Mar.  12« 
Apr.  »f> 
May  10 
Jane  18 
10 
Aug.  7 
Oct  10 
Nov.  23 


C.  L.  ChatfleM.. 

....do 

....do 

....do 

do 

W.  B.  Freeman.. 
R.  H.  Woobey.. 
....do 


FuL 
100 
115 
133 
160 
160 
121 
106 
103 


188 

658 

1,250 

3,000 

8,180 

1,240 

540 

805 


FuL 
a80 
4.20 
8.00 
10.22 
10.90 
5.20 
2.50 
1.80 


8ee.-ft. 

260 

1.320 

8,200 

el3,000 

c 13, 800 

1,840 

740 


a  Made  through  the  ice. 

^  Some  floatinig  ioe  in  river. 

c  Subsurface  velocity  nfethod  used.    Coefficient  talcen  as  95  per  cent. 

Daily  gage  height,  in  feet,  of  Grand  River  near  Kremmling,  Colo.,  for  1909. 
(H.  A.  Howe,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

1.06 
1.05 

.9 

.75 

.8 

.85 

.9 

.9 

.9 

.8 

.8 
.9 
.9 
.9 
1.0 

1.06 
1.06 
.85 
.8 
.8 

.8 
.8 
.9 
.8 
.8 

.75 

.8 

.7 

.7 

.7 

.6 

0.75 
.9 
.96 
.96 

1.3 

1.3 
1.25 
1.2 
1.2 
1.1 

1.0 

1.1 

1.15 

1.3 

1.2 

1.15 

1.15 

1.1 

1.05 

1.0 

1.0 
.9 
1.0 
1.0 
1.0 

1.05 
1.1 
1.1 

1.1 

1.15 

1.15 

1.06 

1.0 

1.0 
.95 
.9 
.85 
.76 

.8 
.8 
.8 
.8 
.8 

.85 
.9 
.9 
.9 

.85 

.9 

.9 

1.0 

1.06 

1.1 

1.0 
1.25 
1.4 
1.0 
1.06 
1.4 

1.4 

1.45 

2.3 

2.06 

1.05 

1.7 
1.4 
1.4 
1.4 
1.6 

1.6 
1.55 
1.85 
1.7 
2.15 

3.2 
4.36 
4.65 
3.36 
3.25 

2.85 

2.35 

2.25 

2.7 

2.7 

3.4 

4.0 

4.7 

4.85 

4.05 

3.35 

3.15 

8.05 

4.1 

5.65 

6.65 
7.4 
7.15 
7.25 
7.9 

8.5 

8.95 

a35 

8.05 

8.05 

8.35 
8.4 
8.8 
9.2 
10.0 

10.8 
11.15 
11.65 
11.6 
10.9 

9.7 
9.5 
10.15 
10.75 
11.2 
10.0 

9.85 
9.96 
10.65 
12.0 
13.5 

14.95 
16.0 
16.8 
17.2 
16.95 

16.3 
15.55 
15,05 
15.05 
14.9 

14.6 
14.85 
15.8 
16.96 
18.0 

18.0 
17.2 
16.7 
16.45 
16.65 

16.55 
16.0 
15.6 
15.15 
14.9 

14.8 
14.65 
14.6 
14.85 
15.15 

14.65 

13.35 

12.1 

11.4 

10.9 

lai 

9.5 
8.95 
8.55 
8.25 

8.0 

7.6 

7.45 

7.5 

7.6 

7.7 

7.2 

7.3 

7.75 

8.1 

7.15 
6.9 
6.6 
6.05 
5.8 
5.55 

5.25 
5.25 
5.25 
5.0 

4.8 

4.65 

5.1 

4.96 

5.9 

5.4 

5.45 
5.75 
5.85 
5.6 
5.1 

6.1 

5.0 

7.4 

7.45 

6.2 

5.6 

5.4 

4.96 

4.9 

5.05 

4.7 

4.25 

4.2 

4.3 

4.15 

4.7 

5.26 

5.1 

4.55 

4.35 

4.35 

4.8 

5.75 

0.06 

5.5 

5.15 

4.8 
4.35 
4.35 
4.35 
4.2 

4.15 
4.0 
3.9 
3.85 
3.6 

3.45 

3.5 

3.5 

3.4 

3.3 

8.3 
3.15 
3,0 
2.9 
2.85 

2.8 

2.75 

2.7 

2.7 

2.6 

2.66 

2.66 

2.85 

2.7 

2.65 

2.65 

2.55 

2.5 

2.5 

2.5 

2.4 
2.3 
2.3 
2.26 
2.2 

2.1 

1.96 

2.0 

1.85 

1.7 

1.75 
1.8 
1.75 
1.75 
1.65 
1.55 

1.5 
1.55 
1.8 
1.9 
1.7 

1.6 
1.6 
1.4 
1.3 
1.66 

1.5 
1.7 
1.5 
1.3 
1.3 

1.4 

1.3 

.9 

1.15 
1.75 

1.95 

1.96 

1.8 

2.1 

1.8 

1.75 
1.65 
1.86 
1.45 
1.45 

1.6 

2 

1.56 

8 

1.1 

4 

1.15 

5 

.66 

6 

.8 

7 

1.1 

8 

1.1 

9 

1.4 

10 

1.85 

11 

L45 

12 

1.8 

13 

1.06 

14 

1.8 

15 

1.25 

16 

.96 

I?::::::::::::::: 

.96 

18 

.9 

19 

1.0 

20 : 

1.8 

21 

1.8 

22 

2.15 

23 

2.1 

24 

2.05 

25 

2.4 

26 

2.85 

27 

2.45 

28 

2.45 

29 

2.5 

30 

2.6 

31 

2.2 

NoTB.~Ioe  oonditions  from  Jan.  1  to  Mar.  31  and  from  Dec.  20  to  8L 
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Daily  dUchoargey  in  secand-feetf  of  Grand  River  near  KremmUng^  Colo,  ^  for  1909, 


Day. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept. 


Got 


Nov. 


Deo. 


1 

400 

2 

502 

3 

740 

4 

665 

5 

535 

6 

566 

7 

490 

8 

490 

9 

490 

10 

540 

11 

540 

12 

528 

13 

605 

14 

565 

15  

095 

16 

1.080 

17 

1.460 

18 

1,590 

19 

1.080 

30 

1,060 
906 

21 

22 

755 

23 

726 

24 

8G0 

26 

860 

26 

1,100 

27 

1,320 

28     

1,620 

29 

1,680 

30 

1,340 

31 

1,080 
1,010 
978 
1.360 
2,060 

2,620 
3,060 
2,920 
2,990 
3,410 

8,840 
4,180 
8,720 
3.510 
3,510 

3,720 
3,760 
4,060 
4,380 
5,100 

5,960 
6,280 
6.850 
6,800 
6,010 

4,820 
4,640 
5.240 
5,850 
6,340 
5,100 


4,960 
5,060 
5,740 
7.280 
9,220 

11,200 
12,600 
13.700 
14,200 
13,900 

13,000 
12,000 
11,300 
11,300 
11,100 

10,700 
11,000 
12,300 
13,900 
15,300 

15,300 
14.200 
13.500 
13.200 
13,500 

13,300 
12.600 
12,100 
11.500 
11,100 


11,000 
10.800 
10,700 
11,000 
11,500 

10.800 
9.020 
7,400 
6,570 
6,010 

6,190 
4,640 
4,180 
3,870 
3,650 

3,480 
3,220 
3,120 
3,150 
3,220 

3,280 
2,960 
3.020 
3,310 
3,540 

2,920 
2,760 
2,580 
2,280 
2,140 
2,020 


1,860 
1,860 
1,860 
1,750 
1,660 

1,590 
1,800 
1,730 
2,200 
1,940 

1,960 
2,120 
2,170 
2,040 
1,800 

1,800 
1.760 
3,080 
3.120 
2,360 

2,040 
1,940 
1,730 
1.700 
1,770 

1,620 
1,420 
1,400 
1,440 
1.380 
1,620 


1,860 
1,800 
1,550 
1,460 
1,460 

1,660 
2,120 
2,280 
1,990 
1,820 

1,660 
1,460 
1,460 
1,460 
1,400 

1,380 
1,320 
1,280 
1,260 
1,170 

1,120 
1,140 
1,140 
1,100 
1,060 

1,060 

1,010 

960 

925 

906 


800 
875 
860 
880 
830 

845 
845 
906 
800 
845 

845 
815 
800 
800 

800 

770 
740 
740 
726 
710 

680 
635 
660 
606 
566 

678 
690 
578 
578 
552 
528 


515 
528 
590 
620 
566 

540 
540 
400 
466 
552 

515 
566 

515 
466 
466 

490 
466 
366 
428 
578 

636 
635 
590 
680 
590 

578 
552 
478 
502 
502 


516 
528 
415 
428 
302 

340 
415 
415 
490 
478 

502 
466 
402 
466 

452 

378 
378 
366 
390 
466 

460 
460 
460 
460 
460 

460 
460 
450 
450 
450 
460 


Note.— Theee  discharges  are  based  on  a  rating  curve  that  is  well  defined  above  600  second-feet, 
discbarge  for  ioe  period  from  Dec.  20  to  31,  estimated. 


DaUy 


Monthly  discharge  of  Grand  River  near  Kremmlingy  Colo,,  for  1909, 
(Drainage  area,  2,380  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maximum. 


Minimum. 


Per 
square 
mile. 


Run-off. 


Depth  in 
inches  on 
drainage 


Total  in 
acre-feet. 


Accu- 
racy. 


April 

May 

June 

July 

August 

September.. 

October 

November. . 
December.. 


1,680 

6.860 

15,300 

11,500 

3,120 

2,280 

906 

680 

515 


490 

978 

4,960 

2,020 

1,380 

906 

528 

365 

302 


864 

4,040 

11,700 

5,270 

1,800 

1,410 

739 

533 

437 


0.363 
1.70 
4.92 
2.21 
.704 
.592 
.311 
.224 
.184 


a40 

1.96 

5.40 

2.55 

.92 

.66 

.36 

.26 

.21 


51,400 
248,000 
696,000 
324,000 
116,000 
83,900 
45,400 
31,700 
27,000 


The  period. 


1,620,000 
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SURFACE   WATER  SUPPLY,  1909,  PART  IX. 


GRAND  RIVER  AT  GLENWOOD  SPRINGS,  COLO. 

This  station,  which  is  located  at  Glenwood  Springs,  was  established 
May  12,  1899,  discontinued  July  17,  and  reestablished  January  7, 
1900.  The  position  and  datum  of  the  gage  have  remained  unchanged. 
A  float  gage  is  placed  on  the  right  bank  of  the  river  about  one- 
fourth  of  a  mile  above  the  State  bridge.  Discharge  measurements 
are  made  from  a  cable  underneath  this  bridge. 

This  may  be  considered  a  base  station,  as  the  records  show  the 
entire  run-off  of  the  basin  above  the  mouth  of  Roaring  Fork.  Ice 
never  forms  at  this  station,  as  the  hot  water  from  the  near-by  springs 
keeps  the  water  above  the  freezing  point  even  in  the  most  severe 
weather.  The  winter  records  are,  therefore,  of  especial  value,  as  they 
furnish  a  basis  for  estimating  approximately  the  discharge  of  the 
streams  at  other  stations  in  the  basin  during  the  ice  period. 

The  station  is  about  one-fourth  mile  above  Roaring  Fork,  which 
is  the  third  largest  tributary  of  the  Grand. 

A  few  minor  irrigation  ditches  are  taken  out  between  this  and  the 
Kremmling  station,  but  do  not  affect  the  discharge  to  any  appreci- 
able extent.  The  Shoshone  plant  of  the  Central  Colorado  Power  Co., 
having  a  head  of  170  feet,  was  practically  completed  in  1908.  The 
tail  water  from  this  plant  is  returned  to  the  river  above  the  gaging 
station. 

Results  at  this  station  are  satisfactory.  The  channel  has  always 
been  permanent  except  during  1907  and  1908,  when  the  debris  from 
the  Shoshone  plant  was  deposited  in  the  river  bed,  thereby  changing 
the  rating  curve  of  the  stream. 

Discharge  measurements  of  Grand  River  at  Glenwood  SpringSf  Colo.y  in  1909, 


Date. 


Hydrographer. 


Width. 


Area  of 
section. 


he^t. 


Dis- 
charge. 


Jan.  13 
Mar.  16 
Apr.  20 
June21o 

30 
July  13 

24 
Aug.  5 
Oct.    9 


C.L.  Chatfleld 

do 

....do 

Chatfleid  and  Matthes 

W.B.  Freeman 

W.H.Siielaon.jr 

W.B.  Freeman 

W.n.Snelson,  Jr 

G.  H.  Russeil 


Feet. 
180 
185 
195 
190 
222 
220 
210 
205 
190 


Sq.ft. 

407 

464 

710 

2,230 

1,900 

1,300 

1,080 

843 

649 


Feet. 
3.78 
4.04 
5.28 

12.00 
9.45 
7.12 
6.50 
5.10 
4.20 


See.-fl. 

628 

788 

1,920 

27,300 

18,500 

7,530 

5,060 

2,640 

1,630 


alieasurement  from  foot  bridge  a  lew  feet  upstream  from  the  cable  section. 
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Daily  gage  height y  in  feet y  ofGraiid  River  at  Glenwood  Springs^  Colo.  ^  for  1909, 
[W.  H.  Richardson,  observer.) 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sepr. 

Oct. 

Nov. 

Dec. 

1 

3.9 
3.9 
3.9 
3.9 
3.95 

4.4 

4.3 

4.25 

4.15 

4.2 

4.1 
3.8 
3.8 
3.9 
4.35 

4.25 

4.1 

4.05 

4.05 

4.1 

4.1 

4.1 

4.3 

4.05 

3.9 

3.9 

3.8 

3.85 

3.7 

3.66 

3.6 

3.7 
8.7 
8.7 
3.8 
3.9 

3.9 
3.9 
3.9 
3.9 
3.9 

3.9 
4.0 
4.0 
4.0 
4.0 

3.9 
3.95 
3.95 
3.95 
3.85 

3.85 
3.8 
3.8 
3.75 
3.8 

3.8 
3.7 
3.7 

3.75 

3.8 

3.9 

3.95 

4.35 

4.2 

4.2 

4.15 

4.1 

4.05 

4.0 
3.9 
3.9 
3.9 
4.0 

4.0 

4.1 

4.15 

4.15 

4.2 

4.25 
4.25 
4.4 
4.3 
4.3 

4.3 

4.3 

4.35 

4.4 

4.4 

4.3 

4.3 
4.3 
4.4 
4.5 
4.5 

4.6 

4.45 

4.2 

4.2 

4.2 

4.2 
4.4 
4.4 
4.3 
4.3 

4.6 
5.0 
5.5 
6.7 
5.6 

5.3 
5.1 
6.0 
4.9 
4.96 

6.05 
5.3 
6.6 
5.8 
5.75 

6.6 
5.3 
5.2 
6.2 
6.7 

6.3 
6.6 
6.7 
6.6 
6.76 

7.0 
7.0 
7.0 
6.9 
6.9 

6.95 
7.0 
7.0 
7.25 
7.5 

7.7 
8.0 
8.3 
8.3 
8.0 

7.5 
7.6 
7.7 
8.05 
8.2 
7.7 

7.4 

7.3 

7.65 

8.35 

9.3 

10.0 
10.8 
10.95 
11.2 
11.2 

10.76 

10.25 

10.4 

10.4 

10.3 

10.1 

10.25 

10.7 

11.3 

11.85 

12.0 

11.65 

11.3 

10.65 

10.65 

10.4 
10.26 
9.9 
9.6 
9.6 

9.35 
9.25 
9.2 
9.2 
9.36 

9.1 

8.6 
8.4 
8.0 

7.8 

7.46 

7.2 

7.1 

6.9 

6.8 

6.7 
6.6 
6.5 
6.5 
6.55 

6.5 

6.5 

6.4 

6.65 

6.7 

6.55 
6.25 
6.96 
6.7 
6.6 
6.45 

5.'35 

5.3 

5.25 

5.2 

6.1 

5.05 

5.1 

6.15 

6.1 

6.6 

6.3 

6.36 

5.45 

6.45 

6.3 

5.15 

6.15 

5.6 

6.1 

6.05 

6.56 

6.4 

5.2 

6.05 

5.15 

6.1 
4.9 
4.9 
4.9 
4.9 
4.95 

6.16 
6.25 
5.1 
6.0 
4.95 

6.0 

6.25 

6.6 

5.5 

5>3 

6.1 

5.1 

4.96 

4.95 

4.9 

4.9 
4.85 
4.85 
4.7 
4.75 

4.7 

4.6 

4.55 

4.5 

4.6 

4.45 
4.4 
4.4 
4.35 
4.35 

4.3 

4.2 

4.25 

4.2 

4.2 

4.2 
4.15 
4.3 
4.2 
4.2 

4.16 

4.2 

4.1 

4.1 

4.1 

4.1 

4.05 

4.0 

4.0 

4.0 

4.0 
4.0 
3.9 
3.9 
3.9 

3.9 
3.76 
3.86 
3.86 
3.8 
3.8 

3.76 

3.7 

3.7 

3.8 

3.8 

3.8 
3.8 
3.8 
3.7 
3.7 

3.75 
3.8 
3.8 
3.8 
3.6 

3.6 
3.4 
3.4 
3.5 
3.7 

3.8 
3.85 
3.8 
3.86 
3.8 

3.8 
3.7 
3.7 
3.6 
3.6 

3.6 

2 

3.65 

3 

3.7 

4 

3.6 

5 

3.16 

6 

3.1 

7 

3.2 

8 

3.06 

9 

3.35 

n 

3.6 

11 

3.4 

1» 

3.4 

13 

14 

3.4 
3.4 

15 

3.35 

16 

17 

3.2 
3.15 

18 

3.06 

19 

20 

2.9 
2.9 

21 

2.9 

22 

3.2 

23 

3.25 

24 

3.3 

25      .  .  .. 

3.3 

26 

3.25 

27 

3.3 

2*< 

3.4 

29 

3.8 

30 

3.3 

31 

3.35 

Daily  disckargey  in  second-feet ^  of  Grand  River  at  Glenwood  Springs^  Colo.,  for  1909. 


Day. 


1. 
2, 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27, 
28. 
29. 
30. 
31. 


Jan. 

Feb. 

690 

575 

690 

575 

690 

575 

690 

630 

720 

690 

1,070 

690 

980 

690 

940 

690 

860 

600 

900 

600 

820 

690 

680 

750 

630 

750 

690 

750 

1,020 

750 

940 

690 

820 

720 

785 

720 

786 

720 

820 

660 

820 

660 

820 

630 

980 

630 

785 

602 

690 

630 

690 

630 

630 

576 

660 

575 

575 

550 

625 

Mar.  Apr. 


602 


980 

980 

690  '  1,070 

720  ,  1,170 

1,020  1,170 

900  1,270 
900  I  1,120 


860 
820 
785 

750 
690 
690 
690 
760 

750 
820 
860 
860 
900 

940 
940 
1,070 
980 
980 

980 

980 

1,020 

1,070 

1,070 

980 


900 
900 
900 

900 

1,070 

1,070 

980 

980 

1,270 
1,740 
2,440 
2,750 
2,440 

2,160 
1,870 
1,740 
1,610 
1,680 

1,800 
2,150 
2,690 
2,910 
2,830 


May. 


2,440 
2,150 
2,010 
2,010 
2,760 

3,810 
4,220 
4,650 
4,430 
4,760 

5,360 
5,360 
6,360 
5,120 
5,120 

6,240 
5,360 
5,360 
6,000 
6,710 

7,000 
8,100 
9,360 
9,500 
8,500 

7,000 
7,150 
7,900 
9,350 
10,200 
8,350 


June. 


7,600 
7,250 
8,470 
11,300 
17,600 

22,600 
28,300 
29,400 
31,200 
31,200 

28,000 
24,400 
25,400 
25,400 
24,700 

23,300 
24,400 
27,600 
32,000 
36,100 

37,200 
34,600 
32,000 
27,200 
26,500 

26,400 
24,400 
21,900 
19,800 
19,100 


July. 


18,100 
17,400 
17,000 
17.000 
18,100 

16,300 
13,200 
12,100 
10,200 
9,380 

8,080 
7,260 
6,960 
6,390 
6,110 

6,840 
5,580 
5,330 
6,330 
5,460 

5,330 
5,330 
5,090 
5,460 
5,840 

5,460 
4,750 
4,100 
3,590 
3,400 
3,140 


Aug. 


2,970 
2,890 
2,820 
2,740 
2,590 

2,520 
2,590 
2,670 
2,590 
3,240 

2,900 
2,290 
3,150 
3,210 
2,960 

2,720 
2,720 
3,500 
4,520 
4,400 

3,390 
3,180 
2,850 
2,610 
2,760 

2,700 
2,400 
2,400 
2,410 
2,420 
2,600 


Sept.      Oct. 


2,800 
2,970 
2,730 
2,580 
2,500 

2,580 
3,020 
3,660 
3,470 
3,100 

2,780 
2,780 
2,550 
2,560 
2,530 

2,530 
2,450 
2,450 
2,250 
2,310 

2,250 
2,100 
2,070 
2,000 
2,000 

1,940 
1,870 
1,870 
1,800 
1,800 


1,750 
1,630 
1,690 
1,630 
1,630 

1,630 
1,670 
1,760 
1,630 
1,630 

1,570 
1,630 
1,510 
1,510 
1,510 

1,510 
1,460 
1,400 
1,400 
1,400 

1,400 
1,400 
1,290 
1,290 
1,290 

1,290 
1,140 
1,240 
1,240 
1,190 
1,190 


Nov.     Dec. 


1,140 
1,090 
1,090 
1,190 
1,190 

1,190 
1,190 
1,190 
1,090 
1,090 

1,140 
1,190 
1,190 
1,190 
1,000 

1,000 
845 
846 
920 

1,090 

1,190 
1,240 
1,190 
1,240 
1,190 

1,190 
1,090 
1,090 
1,000 
1,000 


1,000 

1,040 

1,090 

920 

672 

640 
706 
610 
810 
1,000 

845 
845 
845 
845 
810 

706 
672 
610 
620 
520 

520 
705 
740 
775 
775 

740 
775 
846 
776 
775 
810 


Note.— These  discharges  are  based  on  rating  curves  applicable  as  follows:  Jan.  1  to  May  20,  not  well 
defined;  May  21  to  June  5  and  Aug.  6  to  Sept.  30.  indirect  method  for  shifting  channels  used;  June  6  to 
Aug.  6,  fiUrly  well  defned  above  discharge  of  3,200  second-feet;  Oct.  1  to  Dec.  31,  not  well  defined. 
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Monthly  dMiarge  of  Grand  River  at  GUnwood  Springs,  Colo.,  for  1909. 
[TtnioMgd  WM,  4,530  square  milet.] . 


Month. 


Run-off. 

ICmximum. 

M^n^p^u"*- 

IfMO. 

Per 
square 
rnito. 

Depth  in 

iDchflson 

drainage 

area. 

Total  fai 
acre-feet 

1,070 

535 

771 

0.171 

a30 

47,400 

780 

675 

666 

.147 

.15 

36,900 

1,070 

602 

861 

.190 

.22 

52,900 

2,910 

goo 

1,580 

.350 

.39 

94,000 

10,200 

2,010 

5,830 

1.29 

L49 

358,000 

37,200 

7,250 

24,500 

5.42 

0.05 

1,400,000 

18,100 

8,140 

8,470 

1.87 

2.16 

521,000 

4,530 

2,400 

2,910 

.644 

•74 

179,000 

3,660 

1,800 

2,480 

.540 

.61 

148,000 

1.750 

1,140 

1,460 

.323 

.37 

89,800 

1,240 

845 

1,110 

.246 

.27 

66,000 

1,000 

530 

772 

.171 

.20 

47,500 

37,200 

530 

4,280 

.948 

12.85 

3,100,000 

Acoo- 
racy. 


January 

February 

Mareh 

iC::::::::: 

June 

July 

August 

September 

October 

November 

December 

The  year 


A. 
A- 
A. 
B. 
B. 
C. 
B. 
B. 
B. 
B. 
B. 
C. 


GRAND   RIVER   NEAR   PALISADES,   COLO.* 

This  station  was  established  April  9,  1902,  at  a  steel  highway 
bridge  2  miles  above  Palisades,  Colo.,  at  a  point  where  the  river  enters 
Grand  Valley. 

The  station  is  below  all  important  tributaries  except  Gunnison  and 
Dolores  rivers,  and  is  above  all  the  irrigating  ditches  supplying  water 
for  irrigation  in  Grand  Valley,  excepting  a  dit<5h  for  one  pumping 
plant  which  diverts  about  80  second-feet  for  irrigation  one-fourth 
mile  above  the  gage.  The  proposed  high-line  canal  of  the  United 
States  Reclamation  Service  will  take  its  water  about  7  miles  above 
PaUsades. 

The  gage  has  been  permanently  located  at  the  highway  bridge 
above  Palisades  and  no  change  in  datum  has  occurred.  The  original 
wire  gage  was  replaced  by  a  chain  gage  on  April  5, 1904.  The  river 
usually  freezes  over  a  portion  of  the  year,  but  except  for  the  interfer- 
ence of  slush  ice  and  an  occasional  thin  ice  cover  the  winter  records  are 
good. 

Measuring  conditions  at  the  gage  are  poor,  especially  at  high  water. 
Beginning  September  27,  1905,  the  measurements  were  made  from  a 
suspension  bridge  in  the  town  of  PaUsades.  Measurements  are  now 
made  from  the  new  steel  bridge  opened  in  the  spring  of  1909.  The 
measuring  conditions  at  both  of  these  bridges  are  about  the  same. 
The  sections  are  permanent,  but  at  flood  stages  the  velocities  are 
high  and  the  interference  of  bridge  piers  vitiates  the  results  some- 
what. Flood  measurements  prior  to  1906  made  at  the  upper  bridge 
where  the  gage  is  located  are  less  rehable  than  those  made  at  the 
lower  bridges. 

I  Called  "at  Palisades''  tn  Water-Supply  Paper  210. 
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2)i$eharge  measurement  of  Grand  River  near  Palisades j  Colo.y  in  1909. 


Date. 


Hydri^rapha 


Area  of 

hei^t. 

Db- 

iriaill. 

charge. 

Feet. 

"^f^ 

Feet. 

Sec-ft. 
7,750 

315 

15.65 

321 

1,850 

16.46 

0,690 

325 

2,130 

17.40 

11,800 

366 

2,180 

17.66 

14,100 

381 

2,560 

18.75 

18,300 

370 

2,24r 

1&05 

15,400 

300 

8,030 

20.15 

26,600 

400 

3,860 

22.06 

37,500 

380 

4,150 

22.35 

35,600 

380 

4,300 

23.15 

44,800 

383 

3,820 

21.46 

20,300 

330 

1,820 

1&70 

7,300 

300 

1,410 

14.40 

3.050 

254 

612 

12.50 

1,740 

300 

1,000 

13.45 

2,810 

May   6 

8 
11 
10a 
22a 

June   la 

6a 

8a 

11  a 

21  a 

20a 

July  28a 

Aug.    6  a 

Sept.  0 

Oct.  13 


a.  O.Harper 

do....vr. 

D.  L.  Henderson 

....do 

S.O.Harper 

D,  L.  Henderson 

do 

8.0.  Harper 

D.  L.Henderson 

do 

Freeman,  Harper,  and  Henderson. 

D.  L.  Henderson 

do 

8.  O.  Harper 

G.  H.  Russell 


a  8ubsurfiioe  yekxdty  method  used.    CoeflQclents  used,  from  8  to  87  per  cent. 

Daily  gage  height^  in  feet,  of  Grand  River  near  Palisades^  Colo.  ^  for  1909. 
[J.  J.  Morrow  and  Alex.  Oowdey,  observers.] 


Day. 


Jan.      Feb.     Mar.     Apr.     May.    June.    July.     Aug.     8ept.     Oct.     Nov.    Dec. 


1. 
2. 
8. 
4. 
6. 

6. 
7. 
8. 
0. 
10. 

11. 
12. 
13. 
14. 
16. 

16. 
17. 
18. 
10. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
20. 
30. 
31. 


14.7 

14.3 

14.4 

14.46 

14.46 

14.26 

13.0 

13.86 

13.4 

13.46 

13.2 
13.2 
12.7 
13.1 
13.5 

13.8 
13.0 
13.0 
13.2 
13.15 

13.06 

14.46 

13.55 

12.6 

12.25 

12.15 

12.15 

12.16 

12.1 

12.15 

12.7 


13.15 

13.1 

13.1 

13.1 

13.1 

13.1 

12.06 

12.86 

12.7 

12.7 

12.4 

12.36 

12.65 

12.25 

12.2 

12.15 

12.26 

12.2 

12.2 

12.2 

12.16 

12.1 

12.1 

12.1 

12.06 

12.05 
12.05 
12.05 


12.05 

12.3 

12.46 

12.8 

13.1 

13.05 

13.06 

12.66 

12.3 

12.3 

12.25 
12.15 
12.15 
12.35 
12.4 

12.45 
12.55 
12.55 
12.56 
12.6 

12.6 
12.5 
12.6 
12.66 
12.5 

12.45 

12.6 

12.5 

12.65 

12.6 

12.6 


12.46 

12.46 

12.66 

12.7 

12.06 

12.0 

12.66 

12.65 

12.4 

12.4 

12.45 
12.66 
12.55 
12.55 
12.55 

12.76 

13.2 

13.85 

14.7 

14.0 

14.2 

13.85 

13.56 

13.46 

13.4 

13.6 

14.06 

14.4 

14.65 

14.5 


14.35 

14.1 

14.0 

14.1 

14,7 

16.76 

16.2 

16.5 

16.6 

16.8 

17.4 

17.5 

17.5 

17.15 

16.05 

16.05 

17.0 

17.3 

17.85 

18.3 

18.56 

18.05 

10.15 

10.3 

18.06 

18.65 

18.6 

18.8 

10.3 

10.1 

18.6 


18.1 

17.85 

1&25 

10.2 

20.36 

21.5 

22.06 

22.65 

22.7 

22.55 

22.2 

21.86 

21.76 

21.65 

21.5 

21.4 

21.6 

21.8 

22.55 

23.15 

23.06 

23.06 

22.65 

22.5 

22.3 

22.2 
21.8 
21.8 
21.2 
20.0 


20.96 
20.66 
2a  65 
20.86 
20.8 

20.65 

20.25 

10.4 

18.05 

18.3 

17.05 

17.6 

17.35 

16.0 

16.7 

16.65 

16.5 

16.2 

16.1 

16.2 

16.1 

16.95 

15.85 

16.05 

16.3 

16.2 

16.0 

15.7 

15.5 

15.26 

14.95 


14.85 

14.65 

14.7 

14.6 

14.4 

14.3 

14.3 

14.4 

14.45 

14.7 

14.75 

14.76 

14.76 

14.8 

14.65 

14.5 
14.6 
14.8 
15.5 
15.65 

16.6 
15.1 
14.8 
14.6 
14.56 

14.66 

14.4 

14.25 

14.1 

14.25 

14.5 


14.4 

14.75 

14.66 

14.6 

14.8 

15.25 

16.2 

16.6 

16.65 

16.2 

16.0 

15.1 

14.86 

14.8 

14.66 

14.5 

14.65 

14.5 

14.4 

14.25 

14.15 

14.0 

13.96 

13.9 

13.9 

13.8 

13.8 

13.76 

13.7 

13.6 


13.6 

13.55 

13.6 

13.4 

13.4 

13.4 
13.5 
13.6 
13.6 
13.55 

13.4 

13.4 

13.46 

13.45 

13.3 

13.35 

13.3 

13.3 

13.25 

13.05 

13.15 

13.2 

13.15 

13.1 

13.0 

13.0 
13.0 
13.0 
13.0 
13.0 
13.0 


12.9 
12.0 
12.0 
12.0 
12.0 

12.0 
12.0 
14.0 
12.0 
12.0 

12.0 
12.0 
12.0 
12.9 
12.0 

12.0 
12.0 
12.0 
12.0 
12.0 

12.0 
13.0 
13.0 
13.0 
13.0 

13.3 

13.3 

13.0 

13.05 

13.05 


12.0 

12.8 

12.96 

12.75 

12.7 

12.7 
12.6 
12.6 
12.6 
12.6 

12.6 
12.6 
12.6 
12.6 
12.5 

12.5 
12.6 
12.6 
12.5 
12.6 

12.6 
12.6 
12.6 
12.5 
12.5 

12.5 
12.6 
12.6 
12.6 
12.6 
12.6 


NoTB.— Ice  conditions  from  Jan.  1  to  24  and  Jan.  31  to  Feb.  16. 
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Daily  discharge^  in  second-feet y  of  Grand  River  near  PaliiadeSy  Colo. ^  for  1909. 


Day. 

Jan. 

Feb. 

Mat. 

1,120 
1,320 
1,480 
1,880 
2,280 

2,210 
2,210 
1,580 
1,320 
1,320 

1,280 
1,190 
1,190 
1,370 
1,420 

1,480 
1,580 
1,580 
1,580 
1,040 

1,640 
1,530 
1,640 
1,700 
1,530 

1,480 
1.530 
1.530 
1.580 
1.640 
1,640 

Apr. 

May. 

June. 

July,   j  Aug. 

Sept. 

4,600 
5,350 
5.130 
4,810 
5,460 

6,460 
6,350 
7,200 
7,410 
6,350 

5,000 
6,120 
5,570 
5,460 
5,130 

4.810 
4.020 
4.810 
4,600 
4,200 

4,000 
3,800 
3,700 
3,610 
3.610 

3,430 
3,430 
3,340 
3,250 
3,070 

Oct. 

Nov.  1  Dec. 

1 

1,200 
1,200 
1.200 
1,300 
1,300 

1,500 
1,500 
1,500 
1,500 
1,500 

1,400 
1.200 
1,300 
1,400 
1,500 

1,450 
1.400 
1,400 
1,400 
1,400 

1,400 
1,400 
1,400 
1,300 
1,280 

1,100 
1,190 
1,190 
1,150 
1,190 
1,200 

1,200 
1,200 
1,200 
1,200 
1,200 

1,200 
1,200 
1,200 
1,200 
1,200 

1,250 
1,250 
1,250 
1,250 
1,200 

1,100 
1,280 
1,230 
1,230 
1,230 

1,100 
1,150 
1,150 
1,150 
1,120 

1,120 
1,120 
1.120 

1,480 
1,480 
1,580 
1,760 
2,060 

2,010 
1,700 
1,580 
1,420 
1,420 

1,480 
1,580 
1,580 
1.580 
1,580 

1.820 
2,420 
3,520 
5.240 
5,680 

4.100 
3,520 
2,980 
2,820 
2,730 

3,070 
3,900 
4,600 
5,130 
4.820 

4.500 
3.900 
3.800 
3,900 
5.240 

7,660 
8.880 
9.810 
10,100 
10,800 

12.000 
13,200 
13.200 
12,000 
11,300 

11,300 
11,400 
12,500 
14,600 
16,400 

17,400 
19,200 
20,100 
20,800 
19,200 

17,400 
17,200 
18.500 
20.800 
19.900 
17.600 

15,600 
14,600 
16,200 
20,300 
26,000 

32,500 
35,800 
30,700 
40,000 
30,000 

36,800 
34,600 
34,000 
33,400 
32,500 

31,000 
33,100 
34,300 
30.000 
43,000 

42,300 
42,300 
39,700 
38,700 
37,400 

36,800 
34,300 
34.300 
30,700 
20,000 

20,300 
27,700 
27.700 
28.800 
28,500 

27,700 
25.500 
21,300 
10,200 
16,400 

15,000 
13,600 
12.700 
11,100 
10,400 

10,300 
0.810 
8,880 
8,500 
8,880 

8,500 
8,180 
7,010 
8.450 
0,180 

8.880 
8,310 
7,530 
7,050 
6,460 
5,700 

5,570 
5,130 
5,240 
5,020 
4,600 

4,300 
4,300 
4,600 
4,700 
5.240 

5,350 
5,360 
5,350 
5,460 
5.130 

4.810 
5,020 
5.460 
7.050 
7.170 

7,200 
6,120 
5,460 
5,020 
4,020 

4,920 
4.600 
4.290 
3,900 
4.200 
4,810 

3,070 
2,080 
2,000 
2,730 
2,730 

2,730 
2,000 
2,000 
3,070 
2,080 

2,730 
2.730 
2,820 
2.820 
2,570 

2,660 
2,570 
2,570 
2.500 
2,210 

2,350 
2,420 
2,350 
2,280 
2,140 

2,140 
2.140 
2,140 
2,140 
2,140 
2,140 

2.010 
2,010 
2.010 
2,010 
2,010 

2.010 
2,010 
2.010 
2,010 
2,010 

2,010 
2.010 
2,010 
2,010 
2,010 

2,010 
2,010 
2,010 
2,010 
2,010 

2.010 
2,140 
2,140 
2,140 
2,140 

2,570 
2,570 
2,140 
2,210 
2,210 

2,010 

2 

1,880 

8 

2.060 

4 

1.820 

6 

1,760 

6 

1,700 

7 

1.640 

8 

1,640 

0 

1,640 

10 

1,640 

11 

1,640 

12 

1.640 

13 

1,640 

14 

1,640 

15 

1.530 

16 

1,530 

17 

1,530 

18 

1,530 

10 

1.530 

20 

1,530 

21 

1,530 

22 

1,530 

23 

1,530 

24 

1,530 

25.        .   . 

1,530 

26 

1,530 

27 

1.530 

28 

1,530 

20 

1,530 

30 

1,530 

31 

1,530 

*     i     ' 

'        1 

Note.— These  discharges,  except  tor  the  ice  periods,  are  based  on  a  rating  curve  that  is  well  defined  above 
1,200  seoond-feet. 

Daily  discharges  Jan.  1  to  24  and  Jan.  31  to  Feb.  15  estimated  from  a  general  comparison  with  Grand  and 
Roaring  Fork  at  Glen  wood  Springs,  considering  also  the  open-water  periods  of  January  and  February. 

Monthly  discharge  of  Grand  River  near  Palisades^  Colo.  ^  for  1909. 
[Drainage  area,  8,550  square  miles.] 


Discharge  in  second-feet 

RunK>fl. 

Month. 

pf  fUTttHiTW- 

Mean. 

Per 
square 
mUe. 

Depth  in 

inches  on 

drainage 

area. 

Totalln 
acre-feet 

Aocu- 
ncy. 

January 

1.340 
1.200 
1,560 
2,690 
13,100 
33,300 
14,400 
5,190 
4.870 
2,570 
2,060 
1,630 

0.157 

.140 

.182 

.315 

1.63 

3.89 

1.68 

.607 

.570 

.301 

.243 

.191 

0.18 
.15 
.21 
.35 
1.76 
4.34 
1.94 
.70 
.64 
.35 
.27 
.22 

82,400 
66.600 
95,900 
160.000 
806.000 
1,980,000 
885.000 
319,000 
290.000 
158.000 
124.000 
100,000 

D. 

Fehniary 

D. 

March...  

2,280 

5.680 

20.800 

43,000 

29,300 

7,290 

7,410 

3.070 

2.570 

2.080 

1,120 
1,420 
3,800 
14,600 
5.790 
3.990 
3.070 
2.140 
2,010 
1,530 

C. 

April 

C, 

May.::::::.:.:.:: 

B. 

June 

B. 

July 

B. 

August 

B. 

September 

B. 

October 

A. 

November 

B. 

a 

The  year 

7,000 

.817 

11.11 

5.100.000 

i 
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NORTH   INLET   TO   GRAND   LAKE   AT   GRAND   LAKE,  COLO. 

Two  streams,  known  as  the  North  and  East  Inlets,  flow  into  Grand 
Lake,  North  Inlet  being  the  larger. 

The  gaging  station  on  the  North  Inlet,  which  was  established 
August  3,  1905,  is  located  at  the  footbridge  which  crosses  the  stream 
about  100  yards  north  of  the  mouth  and  300  yards  east  of  the  Grand 
Lake  post  office. 

The  approximate  elevation  of  this  basin  is  8,000  to  11,000  feet 
above  sea  level,  and  the  fall  of  the  stream  is  very  great. 

No  important  tributaries  enter  above  the  station,  which  therefore 
gives  results  for  the  whole  drainage  area,  measuring  36.5  square 
miles. 

No  water  is  diverted  above  the  station,  but  filings  have  already 
been  made  for  power  development. 

The  stream  is  covered  with  thick  ice  for  about  four  months,  and 
winter  gage  readings  are  therefore  of  Uttle  value. 

No  change  has  been  made  in  the  datum  of  the  staff  gage  at  the 
bridge  during  the  maintenance  of  the  station. 

The  accuracy  of  the  records  is  affected  by  the  roughness  of  the 
stream  bed  and  by  ice.  The  records  are  fragmentary,  as  the  gage 
has  not  been  read  continuously.  No  gage  records  were  obtained 
in  1909. 

The  station  was  discontinued  September  30,  1909. 

Discharge  measureTnents  of  North  Inlet  to  Grand  Lake  at  Grand  Lake^  Colo.y  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

hd|S. 

Dis- 
charge. 

May  So 
Aug.  106 

C.L.  Chatfleld 

Feet. 
14 
50 

Sq.ft. 
6.4 

Feet. 
3.00 
2.61 

'"-h 

W.  B.  Freeman 

69. 

a  Ice  at  station.    Measurement  made  by  wading  100  feet  below  footbridge. 
t>  Made  by  wading  about  30  feet  upstream  from  gauge. 

GRAND  LAKE  OUTLET  AT  GRAND  LAKE,  COLO. 

This  station,  which  was  established  July  31,  1904,  and  discontinued 
September  30,  1909,  is  located  at  a  footbridge  at  the  west  end  of 
Grand  Lake,  about  half  a  mile  south  of  Grand  Lake  post  office, 
Colo.,  in  sec.  6,  T.  3  N.,  R.  75  W.  Granby,  about  15  miles  distant, 
on  the  Denver,  Northwestern  &  Pacific  Railroad,  is  the  nearest  rail- 
road point. 

The  records  of  the  station  show  the  available  storage  of  Grand 
Lake  and  the  total  run-off  from  the  North  and  East  inlets,  and  are 
valuable  for  use  in  connection  with  power  development.  The  drain- 
age area  at  the  station  is  62  square  miles. 


Digitized  by 


Google 


106 


SURFACE  WATER  SUPPLY,  1909,  PART  IX. 


Shore  ice  forms  at  the  station  for  about  four  months,  but  the  stream 
does  not  freeze  over  because  of  the  higher  temperature  of  the  water 
coming  out  of  Grand  Lake. 

The  location  and  datum  of  the  staff  gage  at  the  footbridge  have 
remained  unchanged  during  the  maintenance  of  the  station* 
Measurements  have  been  taken  at  various  stations,  more  usually  at 
a  ford  one-fourth  mile  downstream  from  footbridge,  where  a  tag 
wire  has  been  stretched  across  the  stream  50  feet  above  the  ford. 

During  low  stages  the  rough  bottom  and  sluggish  character  of  the 
stream  affect  the  accuracy  of  the  results  to  a  considerable  extent. 

Disdutrge  meaniremenU  of  Grand  Lake  Outlet  at  Grand  Lake,  Colo.,  in  1909. 


Date. 

Hydrograpber. 

Width. 

Ana  off 
seetftoo. 

belSEIt.  charge. 

May  3  a 

C.  L.  Qiatfleld 

Jfeet. 
17 
06 

118 

Fleet.  ^Sec.^ft 
1.60           ao 

Aug.  10  b 

W.  Br  Frw^man . 

2.20            120 

1 

a  Measurement  made  by  wading.    Not  at  rpgular  aectkm. 
b  Measurement  made  by  wading  at  regular  section. 

Daily  gage  height,  in  feet,  of  Grand  Lake  OuUet  at  Grand  Lake,  Colo.,  for  1909. 
(M.  Wescott,  observer.) 


Day. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept. 


1.. 
2. 
3. 
4. 
fi. 

6. 
7. 
8. 
0. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


1.35 
1.35 
1.35 
1.35 
1.35 

1.35 

1.4 

1.4 

1.4 

1.4 

1.35 
1.35 
1.35 
1.35 
1.4 

1.4 
1.4 
1.4 
1.4 
1.4 

1.4 

1.45 

1.45 

1.45 

1.45 

1.45 

1.45 

1.4 

1.4 

1.4 

1.4 


1.4 
1.4 
1.4 
1.4 
1.4 

1.35 
1.35 
1.35 
1.35 
1.35 

1.35 
1.35 
1.35 
1.35 
1.4 

1.4 
1.4 
1.4 
1.4 
1.4 

1.4 

1.35 

1.35 

1.35 

1.35 

1.35 
1.35 
1.35 


1.3 
1.3 
1.3 
1.3 
1.3 

1.3 
1.3 
1.3 
1.3 
1.25 

1.26 
1.25 
1.25 
1.25 
1.25 

1.25 
1.25 
1.25 
1.25 
1.25 

1.26 

1.25 

1.3 

1.35 

1.35 

1.35 
1.35 
1.35 
1.35 
1.36 
1.35 


1.35 
1.35 
1.36 
1.36 
1.36 

1.36 
1.35 
1.36 
1.35 
1.35 

1.35 
1.35 
1.35 
1.35 
1.35 

1.35 
1.4 
1.4 
1.45 
1.45 

1.45 
1.45 
1.45 
1.45 
1.45 

1.45 

1.45 

1.5 

1.5 

1.5 


1.5 

1.55 

1.55 

1.66 

1.6 

1.7 
1.8 
1.85 
1.9 
2.0 

2.0 

2.05 

2.05 

2.05 

2.05 

2.0 
2.0 
2.1 
2.2 
2.4 

2.66 

2.8 

2.8 

2.8 

2.6 

2.45 

2.4 

2.4 

2.6 

2.6 

2.6 


2.4 

2.4 

2.66 

3.0 

3.4 

3.8 

3.9 

4.05 

4.0 

3.9 

3.76 

3.6 

3.5 

3.6 

3.6 

8.7 

3.96 

4.3 

4.6 

4.6 

4.25 

4.2 

4.15 

4.3 

4.4 

4.26 

4.3 

4.2 

4.3 

4.2 


4.3 

4.3 

4.3 

4.26 

4.45 

4.1 

3.85 

3.7 

3.6 

3.4 

3.3 

3.2 

3.1 

2.96 

2.9 

2.8 
2.8 
2.8 
2.8 
2.8 

2.8 
2.8 
2.75 
2.8 
2.8 

2.76 

2.7 

2.6 

2.6 

2.46 

2.4 


2.36 
2.3 
2.3 
2.8 
•X25 

2.2 
2.2 
2.2 
2.2 
2.2 

2.3 

2.3 

2.36 

2.35 

2.3 

2.2 
2.2 
2.4 
2.4 
2.3 

2.2 
2.2 
2.1 
2.2 
2.2 

2.2 

2.1 

2.1 

2.1 

2.06 

2.06 


2.1 

2.1 

2.06 

2.06 

2.06 

2.06 

2.1 

2.36 

2.4 

2.3 

2.2 

2.1 

2.1 

2.06 

2.06 

2.06 

XO 

1.96 

1.96 

1.9 

1.86 
1.86 
1.86 
1.8 
1.8 

1.8 
1.75 
1.75 
1.76 
1.76 


NoTK.— Although  Grand  Lake  was  frozen  over  it  is  probable  that  the  above  gage  heights  during  the 
winter  months  are  not  materially  affected  by  ice. 
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Daily  discharge^  in  second-feet^  of  Grand  Lake  Outlet  at  Grand  Lake^  Colo.,  for  1909. 


Day. 

Jan. 

Feb. 

liar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1 

9 
9 
9 
9 
9 

9 
11 
11 
11 
11 

9 
9 
9 
9 
U 

11 
11 
U 
11 
11 

11 
13 
13 
13 
13 

13 
13 
11 
11 
11 
11 

11 
11 
11 
11 
11 

9 
9 
9 
9 
9 

9 
9 
9 
9 
11 

11 
11 
11 
11 
11 

11 
9 
9 
9 
9 

9. 
9 
9 

7.6 
7.6 
7.6 
7.6 
7.6 

7.5 
7.6 
7.6 
7.6 
6.0 

«.0 
6.0 
6.0 
6.0 
6.0 

6.0 
6.0 
6.0 
6.0 
6.0 

6.0 
6.0 

7.6 

9 

11 
11 
13 
13 

13 
13 
13 
13 
13 

13 
13 
16 
16 
16 

16 
19 
19 
19 
22 

32 
44 
62 
60 
77 

77 
87 
87 
87 
87 

77 
77 
97 
119 
170 

246 
297 
297 
297 
230 

184 
170 
170 
230 
230 
199 

170 
170 
214 
372 
660 

762 
818 
902 
874 
818 

734 
600 
600 
662 
652 

706 

846 

1,060 

1,220 

1,220 

1,020 

989 

960 

1,050 

1,100 

1,020 
1,050 

989 
1,050 

989 

1,060 
1,050 
1,050 
1,020 
1,140 

931 
790 
706 
600 
550 

602 
456 
418 
362 
333 

297 
297 
297 
297 
297 

297 
297 
280 
297 
297 

280 
263 
230 
199 
184 
170 

166 
143 
143 
143 
131 

119 
119 
119 
119 
119 

143 
143 
156 
156 
143 

119 
119 
170 
170 
143 

119 
119 
97 
119 
119 

119 
97 
97 
97 
87 
87 

97 

2 

97 

3 

87 

4  .       

87 

5 

87 

6 

87 

7 

97 

8 

166 

0 

170 

10 

143 

11 

119 

12 

97 

13 ; 

97 

14 

87 

15 

87 

16 

87 

17 

77 

18 

68 

10 

68 

X 

60 

21 

52 

22 

52 

23 

62 

24 

44 

25 

44 

26 

44 

27 

38 

28 

38 

29 

38 

30 

38 

81 

Note.— These  diacbarg^es  are  based  on  a  rating  curve  that  is  well  defined  below  a  discharge  of  400  second- 
feet. 

Monthly  discharge  of  Grand  Lake  Outlet  at  Grand  Lake,  Colo. ,  for  1909. 


Month. 


Discharge  in  second-feet. 


Maximum.    Minimum.      Mean. 


Run-off 
(total  in 
acre-feet). 


Accu- 
racy. 


January 

February... 
March 

iS^::.::: 

June. 

July 

August 

September.. 


13 

11 

9 

16 

297 

1.220 

1,140 

156 

170 


9 

9 

6 

9 

16 

170 

170 

87 

38 


10.7 
9.86 
7.26 
11.0 
92.7 
806 
491 
127 
7P.8 


658 

648 

446 

666 

6,700 

47,900 

30,200 

7,810 

4,750 


The  period.. 


98,000 


SOUTH  FORK  OF  GRAND  RIVER  NEAR  LEHMAN,  COLO. 

This  station  is  located  at  a  footbridge  near  Lehman's  ranch  house, 
about  a  mile  above  the  junction  with  the  North  Fork  and  about  2 
miles  from  Lehman  post  office,  Colo. 

From  September  25,  1907,  to  June  10,  1908,  the  records  of  the  flow 
at  this  station  were  kept  by  the  Central  Colorado  Power  Co.  The 
engineer  in  charge  of  the  work  used,  in  general.  United  States  Geological 
Survey  methods,  but  the  results  furnished  by  the  company  for  publi- 
cation have  not  been  verified  by  engineers  of  the  survey. 
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SUBFACE  WATBB  SUPPLT,  1909,  PABT  IX. 


The  drainage  area  at  the  station  is  about  79  square  miles.  The 
vertical  staff  gage  is  located  at  the  footbridge. 

Practically  no  water  is  diverted  above  the  station  other  than  that 
used  for  meadow  irrigation. 

Discharge  meamrements  of  South  Fork  of  Grand  River  near  Lehman^  Colc^  1907-S, 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

he^t 

Dis- 
charge. 

1907. 
Sept.  11 
Oct.    16 

R.I.Meeker 

Feet. 
58 
45 
22 
13 

23 

28.5 

27 

68 

79 

45 

44 

35 

24 

Sq.ft. 
88 
42 
23 
10.2 

25.2 

15.8 

17 

62 

12.5 

49 

42 

22 

16.8 

FeeL 
4.30 
4.16 
4.02 
3.93 

3.76 
4.08 
4.00 
4.66 
5.40 
4.33 
4.15 
405 
4.15 

'"t 

C.  L.  Chatfleld 

25 

Nov.  21 

R.I.Meeker 

20 

Dec.  10 

do 

9  8 

1908. 
Jan.   14 

R.I.Meeker 

8.7 

Feb.  210 

C.  L.  Chatfleld 

8.4 

Mar.  17 

do 

9.2 

Apr.  16 
May  20 
Sept.  16 
Oct.   21 

do 

90 

do 

268 

do 

44 

do 

IS 

Nov.  24 1> 

do 

12.7 

Dec.  20a 

do 

10.9 

a  Made  through  ice.  b  Frosen  at  gage.    Ice  1.5  feet  thick. 

Note.— Measurements  in  1908  made  by  wading  at  various  sections. 


DaUy 

gage  height 

in  feet,  of  South  Fork  of  Grand  River  near  Lehman,  Colo.,  for  IWIS. 

Day. 

8ept.l  Oct. 

Nov. 

Dec. 

Day. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 

Sept. 

Oct. 

Nov. 

Dec 

1907. 
1.  ... 

4.3 

4.25 

4.25 

4.25 

4.25 

4.20 

4.35 

4.45 

4.4 

4.35 

4.1 

4.1 

4.0 

4.15 

4.1 

4.1 

4.1 

4.1 

4.05 

4.0 

1 

3.95  ; 

4.0 

4.0 

3.95 

3.95 

4.0 
4.0    I 
4.0 
4.0 
4.0 

1907. 
11 

4.35 

4.3 

4.2 

4.3 

4.25 

4.25 

4.2 

4.2 

4.2 

4.1 

4.1 
4.1 
4.2 
4.3 
4.35 

4.3 
4.3 
4.3 
4.1 
4.1 

3.95 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4.1 
4.1 

1    1907. 
!  21 

4.25 

4.2 

4.2 

4.2 

4.15 

4.16 

4.1 

4.15 

4.15 

4.15 

4.15 

4.05 
4.05 
4.05 
4.0 
4.1 

4.0 

4.06 

4.0 

4.0 

3.95 

4.1 

2 

12 

,  22 

4.1 

3  -  .. 

13 

23 

4.1 

4 

14 

^ 

4.1 

5 

15 

25.::.. 

26 

27 

28 

29 

30 

31 

4.25 

4.26 
4.25 
4.25 
4.20 
4.25 

4.1 

6 

16 

4.1 

7 

17 

4.1 

8 

18 

4.1 

9 

19 

4.1 

10 

20 

4.1 

4.1 

[Ed.  W.  Lehman,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Bay. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

1908. 
1 

4.1 
4.1 
4.2 
4.2 
4.2 

4.2 
4.2 
4.2 
4.2 
4.3 

4.3 
4.3 
4.3 
4.3 
4.3 

4.10 
4.10 
4.10 
4.10 
4.10 

4.10 
4.10 
4.10 
4.10 
4.10 

4.00 
4.00 
4.00 
4.00 
4.00 

4.00 
4.00 
4.00 
4.00 
4.00 

4.00 
4.00 
4.00 
4.00 
4.00 

4.00 
4.00 
4.00 
4.00 
4.00 

4.00 
4.00 
4.00 
4.02 
4.06 

4.05 
4.05 
4.10 
4.10 
4.10 

4.10 
4-18 
4.08 
4.22 
4.66 

4.35 
4.40 
4.52 
4.60 
4.52 

4.50 
4.50 
4.62 
4.82 
4.78 

4.65 
4.60 
4.58 
4.62 
4.52 

5.00 
5.02 
6.25 
5.60 
5.60 

5.55 
6.40 
5.25 
6.25 
6.65 

Il6.!^..... 

4.3 
4.3 
4.2 
4.2 
4.2 

4.2 
4.2 
4.2 
4.2 
4.2 

4.2 
4.2 
4.2 
4.2 
4.2 
4.2 

4.00 
4.00 
4.10 
4.10 
4.10 

4.10 
4.06 
4.00 
4.06 
4.02 

4.00 
4.05 
4.00 
4.00 

4.00 
4.00 
4.00 
4.00 
4.05 

4.00 
4.00 
4.00 
4.00 
4.05 

4.05 
4.02 
4.00 
4.00 
4.00 
4.00 

4.65 
4.70 
4.65 
4.60 
4.60 

4.65 
4.75 
4.90 
4.78 
4.62 

4.50 
4.48 
4.42 
4.35 
4.32 

4.65 
4.82 
4.95 
5.05 
6.38 

6.02 
4.82 
4.78 
4.85 
4.96 

4.88 
4.80 
4.76 
4.08 
4.70 
4.72 

2 

1  17 

'  18 

.  19 

20 

3 

J::::::.::. 

5 

6 

7 

8 

21 

22 

23 

24 

1  25 

1  26 

9 

10 

11 

12 

13 

14 

15 

'27.::::.::.. 

1  28 

29 

1  30 

1  31 

Note.— Ice  conditions  from  Jan.  1  to  Mar.  10, 1906. 
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Daily  disdiargej  in  second-feet ^  of  SotUh  Fork  of  Grand  River  near  Lehman,  Colo.y  for 

1907-8. 


Day. 

Sept 

Oct 

Nov. 

Dec. 

Day. 

Sept 

Oct 

Nov. 

Dec. 

Day. 

Sept 

Oct 

Nov. 

Dec. 

1907. 
1 

47 
40 
40 
40 
40 

33 
55 
73 
64 
55 

22 

22 

13.6 

27.5 

22 

22 

22 

22 

17.6 

13.5 

10 

13.5 

13.6 

10 

10 

13.5 
13.5 
13.5 
13.5 
13.5 

1907. 
11 

65 
47 
33 
47 
40 

40 
33 
33 
33 
22 

22 
22 
33 
47 
55 

47 
47 
47 
22 
22 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

1907. 
21 

40 
33 
33 
33 
28 

28 
22 
28 
28 
28 
28 

17.6 
17.5 
17.5 
13.6 
22 

13.5 
17.5 
13.5 
13.5 
10 

2 



12. 

22 

3 

13 

23 

4 

14.. 

24 

5 

15 

25 

26 

27 

28 

20 

30 

31 

40 

40 
40 
40 
33 
40 

6 

16 

7 

17 

8 

18 

9 

19 

10 

20 

Day. 

Mar. 

Apr. 

May. 

June. 

Day. 

Mar. 

Apr. 

May. 

June. 

Day. 

Mar. 

Apr. 

May. 

Jane. 

1906. 
1 

9 
9 
9 
10 
14 

12 
12 
16 
16 
16 

44 

50 
69 
82 
69 

66 
66 
86 
122 
116 

161 
166 
220 
313 
313 

299 
259 
220 
220 
327 

1906. 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

12 

16 
24 
14 

28 
74 

91 
100 
91 
82 
82 

91 
82 
79 
69 
69 

74 
122 
150 
172 
254 

1908. 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

9 
9 
9 
9 
12 

12 
10 
9 
9 
9 
9 

91 
109 
138 
115 

86 

66 
62 
54 
44 
40 

106 
122 
U5 
128 
160 

134 
118 
109 
96 
100 
104 

2 

3 

4 

5 

6 

7 

8 

9...  . 

10 

9 

Note.— These  discharges  are  based  on  ratine  curves  furnished  by  the  Central  Colorado  Power  Co.  ap 
cable  as  follows:  Sept  26  to  Dec.  31, 1907,  and  Mar.  10  to  June  11, 1908.  The  daily  discharges  have  b 
changed  slightly  to  conform  to  the  computation  rules  used  by  the  United  States  Geological  Survey. 

Monthly  discharge  of  South  Fork  of  Grand  River  near  Lehman,  Colo.,  for  1907-8. 


Month. 


Discharge  in  second-feet. 


Maximum.  Mintirmm,      Mean. 


Run-off 
(total  hi 
acre-feet). 


•1907. 

Sept  25-30 

October 

November 

December 

1908. 

January 

February 

March 

AprU 

May 

June  1-10 


40 
73 
55 
14 


9 

8.5 

12 

138 

254 

327 


33 
22 
10 
9 


8.5 
8.5 
8.6 
9 
44 
161 


3&8 


24.3 

ia5 


8.7 
8.5 
9.5 
51 

106 

260 


462 

2,370 

1,450 

646 


535 

489 

584 

3,150 

6,490 

4,960 


Note.— The  values  have  been  changed  slightly  to  contom  to  the  oompatation  rules  used  by  the 
United  States  Geological  Survey. 
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FRA8EB  BIYEB   BASIN. 
FBA8BB  BlVUt  AT  OBAMBT,  OOLO. 

Fraser  River  rises  among  the  peaks  of  the  Front  Range  in  south- 
eastern Grand  County  and  flows  in  a  general  northwesterly  direction 
to  its  junction  with  Grand  River  in  the  east-central  part  of  Middle 
Park. 

The  station,  which  was  established  July  28,  1904,  to  obtain  data 
for  use  in  determining  the  availability  of  the  stream  for  power, 
storage,  and  irrigation,  is  located  at  the  wagon  bridge  three-quarters 
of  a  mile  southwest  of  Granby,  about  4  miles  above  the  mouth  of 
Fraser  River,  in  sec.  9,  T.  1  N.,  R.  76  W.,  and  is  below  all  tributaries. 
The  station  was  discontinued  September  30,  1909. 

The  drainage  area  is  about  220  square  miles. 

Other  than  small  irrigation  ditches,  there  are  no  important  diver- 
sions above  the  station.  A  small  canal  is  taken  out  a  few  feet  down- 
stream from  the  measuring  section.  It  is  proposed  to  divert  water 
by  means  of  a  tunnel  from  the  headwaters  of  this  river  into  the  head- 
waters of  South  Boulder  Creek,  in  the  Platte  drainage  basin. 

Thick  ice  covers  the  stream  during  about  four  months  of  the  year; 
anchor  ice  also  occurs.  Each  year  in  the  low-water  season  a  small 
temporary  dam  is  generally  constructed  about  50  feet  below  the 
station  to  divert  the  water  up  on  the  gage,  thus  affecting  the  condi- 
tions of  free  flow.     It  was  taken  out  May  5,  1909. 

Neither  the  location  or  the  datum  of  the  staff  gage  at  the  highway 
bridge  was  changed  during  the  maintenance  of  the  station. 

Measuring  conditions  are  rather  poor.  During  high  stages  the 
flow  is  affected  by  backwater  and  a  boiling  effect  caused  by  the  crib 
piers  of  the  bridge.  During  low  stages  ice  and  the  temporary  diver- 
sion dam  interfere  with  good  results. 

Discharge  meoMurementt  of  Fraser  River  at  Granby ,  Colo.j  in  1909. 


Date. 


Hydrographer. 


Width. 

Ar«aor 
section. 

b^t. 

FeeL 

Sq./L 

Jtert, 

44 

29 

5.06 

45 

61 

5.90 

69 

148 

5.54 

61 

218 

6.36 

66 

125 

5.16 

Dis- 
dutfse. 


Mar.  Oo 
Apr.  286 
Kay  6 
June  16 
Aug.  11 


C.  L.Chatfleld 

....do 

....do 

Chatfleld,  Matthes,  and  Snelson . 
Freeman  and  Wo^sey 


Sec-fi. 

44 

226 

483 

1,080 

267 


a  Made  by  wading  250  feet  above  gage;  3.5  feet  of  toe  at  gage. 

b  Made  by  wading  200  feet  above  pumptng  station  opposite  Granby. 

Note.— Measurements  beginning  May  6  were  made  after  the  temporary  dam  was  removed. 
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GOIiOBADO  BIYEB  BASIN. 

Daily  gag  heightt  infeet^  of  Ftokt  River  at  Gnmby,  Colo.  ^  for  1909. 
[1.  N.  Ostrander,  obseryer.] 


Ill 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

1 

5.5 
5.7 
5.7 
6.6 
5.6 

5.6 
5.6 
5.6 
6.6 
5.6 

5.15 
6.3 
5.3 
5.2 
5.4 

5.3 
5.2 
5.1 
5.1 
5.15 

5.1 
5.1 
5.1 
5.1 
5.3 

5.4 
6.2 
5.2 
5.1 
5.0 
5.0 

5.0 
4.96 
4.96 
5.0 
5.1 

5.1 
5.1 
5.1 
5.1 
5.1 

5.1 
5.1 
5.1 
6.1 
5.0 

5.0 
5.0 
5.0 
5.0 
5.0 

6.0 
5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.1 

5.1 
5.1 
5.1 
5.1 
5.1 

5.1 

5.3 

5.4 

5.06 

5.06 

5.15 
6.0 
5.0 
5.0 
5.1 

5.1 

5.1 

6.15 

6.25 

5.3 

5.3 

5.46 

5.5 

5.5 

5.5 

5.5 

5.35 

5.3 

5.2 

5.1 

6.1 

5.1 

5.1 

5.1 

5.25 

5.1 

5.0 
4.9 
4.9 

4.8 
4.8 

4.8 
4.8 
4.8 
4.7 
4.7 

4.7 
4.7 
4.7 
4.06 
4.9 

4.96 
5.0 
5.0 
5.0 
5.0 

5.1 

5.1 

5.3 

5.25 

5.0 

4.06 

4.85 

4.95 

5.1 

5.6 

5.55 
5.4 
5.4 
5.6 
5.46 

6.55 

5.55 

6.5 

5.4 

5.35 

5.4 

5.4 

5.5 

5.75 

5.85 

5.9 
5.96 
6.0 
5.85 
5.75 

5.55 
5.56 
5.75 
5.85 
5.7 
5.6 

6.7 

6.7 

5.85 

6.0 

6.35 

6.5 
6.6 
6.7 
6.7 
6.7 

6.7 
6.6 
6.45 
6.45 
6.5 

6.5 
6.65 
6.85 
6.96 
7.15 

7.15 

7.1 

7.1 

7.0 

7.0 

6.9 
7.0 
6.96 
6.9 
6.8 

6.8 
6.8 
6.8 
6.7 
6.55 

6.45 
6.35 
6.2 
6.0 
5.85 

5.65 

5.6 

5.6 

6.5 

5.5 

6.5 
5.5 
5.4 
5.4 
5.4 

5.4 
6.4 
5.5 
5.5 
5.4 

5.3 
5.3 
5.2 
6.2 
5.2 
5.1 

5.1 
6.1 
5.1 
5.1 
5.1 

5.1 
5.1 
5.1 
5.1 
5.1 

5.15 

5.1 

5.1 

5.1 

5.1 

6.1 

5.1 

5.15 

5.4 

5.25 

5.2 

5.15 

5.1 

6.1 

5.1 

5.1 
6.0 
5.0 
5.0 
6.0 
5.0 

5.0 

2 

5.0 

8 

5.0 

4 

5.0 

5 

5.1 

6 

5.1 

7 

5.1 

8 

6.0 

9 

5.0 

10 

5.0 

11 

5.0 

12 

5.0 

13 

5.0 

14 

6.0 

15  

5.0 

16 

4.9 

17 

4.9 

18 

4.9 

19 

4.9 

20 

4.9 

21 

4.9 

22 

4.9 

23 

4.9 

24 

4.9 

25 

4.9 

26 

4.8 

27 

4.8 

28 

4.8 

29  ...' 

4.8 

30 

4.8 

31  

Non.— Oage  heights  probably  affected  by  ioe  from  Jan.  1  to  Apr.  16. 

DaHy  dischargey  in  second-feetf  of  Fraser  River  at  Granhy^  Colo.  ^  for  1909. 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1    

107 
83 
107 
150 
511 

478 
380 
380 
444 
412 

478 
478 
444 
380 
852 

581 
581 
602 
810 
1,110 

1,240 
1,330 
1,420 
1,420 
1,420 

1,420 
1,330 
1,200 
1,200 
1,240 

1,510 
1,510 
1,610 
1,420 
1,280 

1,200 

1,110 

976 

810 

692 

546 
511 
511 
444 
444 

226 
226 
226 
226 
226 

226 
226 
226 
226 
226 

249 
226 
226 
226 
226 

185 
186 
185 
185 
226 

226 
226 
185 
185 
185 

185 
185 
185 
185 
185 

16 

380 
380 
444 
618 
602 

730 
770 
810 
092 
618 

478 
478 
618 
602 
561 
611 

1,240 
1.380 
1,560 
1,650 
1,840 

1,840 
1,790 
1,790 
1.700 
1,700 

1,610 
1,700 
1,650 
1,610 
1,510 

444 
444 

380 
380 
380 

380 
380 
444 
444 
380 

323 
323 
272 
272 
272 
226 

226 
226 
249 
380 
298 

272 
249 
226 
226 
226 

226 
185 
185 
185 
185 
185 

150 

2 

17 

150 

3 

18 

52 
107 
94 

107 
120 
120 
120 
120 

150 
150 
226 
206 
120 

150 

/ 

19 

150 

5  

20 

150 

6 

21 

150 

7 

22 

150 

8 

23 

150 

9     

24 

150 

10 

25 

150 

11 

26 

120 

12 

27 

120 

13 

28 

120 

14 

29 

120 

16 

30 

120 

31 

Non.—These  disdiarves  are  based  upon  rating  curres  applicable  as  follows:  Apr.  17  to  May  4,  not  well 
defined;  May  5  to  Sept.  80,  fairly  well  oeflned. 
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Monthly  discharge  of  Fraser  River  at  Granby^  Colo.  ^  for  1909. 


Month. 


January 

February... 

March 

April 

May 

June 

July 

August 

September. 


The  period. 


Discharge  in  second-feet. 


Maximum.   Minimum. 


226 
810 
1,840 
1,510 
380 
226 


581 


185 
120 


Mean. 


045 
a45 
a45 
I»83.6 
473 
,390 
653 
230 
167 


1,: 


Run-off 
(total  in 
acre-feet). 


2,770 
2,500 
2,770 
4,970 
29,100 
82,700 
40,200 
14.100 
9,940 


Aocu* 
racy. 


180,000 


a  Estimated.  ^Apr  1-17  estimated  as  equivalent  to  48  second-feet  per  day. 

COOPBBATIVE  DATA  FOR  STATIOKS  IE  FRASER  RIVER  BASHT. 

DESCRIPTION. 

• 

The  data  for  the  followmg  stations  in  the  Fraser  River  drainage  are 
published  practically  without  change  as  received  from  cooperating 
engineers.  The  computations  have  in  general  been  made  to  con- 
form with  the  computation  rules  used  by  the  United  States  Geological 
Survey.  On  all  the  streams  except  Big  Jim,  Little  Jim,  and  Elk 
Creek,  on  each  of  which  the  station  was  established  at  the  mouth, 
there  is  an  upper  and  a  lower  station.  At  all  the  upper  stations  a 
Lallie  automatic  gage  was  used  to  get  the  fluctuations  in  the  daily 
gage  height,  which  on  the  upper  reaches  of  mountain  streams  are 
considerable. 

Each  upper  station  is  at  an  altitude  of  about  10,000  feet,  and  several 
of  the  streams  head  in  the  vicinity  of  Corona,  on  the  "Moffat  road" 
(Denver,  Northwestern  &  Pacific  Railway).  The  United  States 
Weather  Bureau  has  for  some  time  maintained  a  station  near  Corona 
at  an  altitude  of  11,660  feet  above  sea  level,  and  it  is  believed  that 
the  records  of  precipitation  at  this  station  will  represent  closely  the 
average  for  the  drainage  areas  of  the  upper  gaging  stations. 

Unfortunately  no  published  map  shows  accurately  the  drainage 
areas  and  location  of  these  streams,  so  that  it  is  rather  difficult  to 
define  the  exact  location  of  the  gaging  stations. 

Little  use  is  made  of  the  water  except  along  the  lower  courses  of  the 
streams,  where  some  water  is  diverted  for  meadow  irrigation  during 
the  summer  months.  A  scheme  is  contemplated  to  divert  most  of  the 
water  by  tunnel  through  the  continental  divide  to  the  head  waters  of 
the  South  Boulder  Creek. 

Most  of  these  stations  were  established  in  June,  1907,  and  some 
measurements  were  made,  but  some  of  the  gages  were  not  established 
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until  the  spring  of  1908.     All  were  discontinued  in  1909  except  the 
upper  station  on  the  Fraser,  which  is  still  being  maintained. 
The  flow  of  the  streams  is  little  affected  by  ice. 

FRASBB  RIYBB  AT  UPPER  STATION  NEAR  FRA8ER,   COLO. 

This  station,  which  was  established  May  1,  1908,  is  located  about 
10  miles  above  Fraser  post  office,  Colo.,  at  an  elevation  of  approxi- 
mately 10,000  feet  above  sea  level.  The  drainage  area  is  about  9 
square  miles.     Currant  Creek  is  the  only  important  tributary  above. 

The  location  and  datum  of  the  Lallie  automatic  gage  have 
remained  constant  since  station  was  established. 

Discharge  measurements  of  Fraser  River  at  upper  station  near  Fraser y  Colo.f  in  1908-9. 


Date. 

Hydrographer. 

heigS. 

Dis- 
charge. 

1906. 
May     2 

17 

Stanley  Krajioek 

Feet, 
0.60 
1.00 
.80 
1.20 
1.60 
1.50 
1.30 
1.25 
.95 
.70 
.75 
.80 
.60 
.55 

1.15 
.90 
.80 
.75 
.65 
.60 
.40 
.55 

Sec-fi. 
7.5 

.    do 

28.4 

28 

do 

15.0 

June    7 

do 

54.7 

9 

do 

120 

10 

do •- 

115 

21 

....do 

70 

24 

do 

56.5 

July     5 
13 

do 

28.5 

do 

12.7 

25 

do 

19.0 

90 

do 

19.1 

Aug.  28 
Sept.  16 

1909. 
July     7 
12 

.    do 

9.8 

do 

6.9 

N  o^n^^iPif^                                          : 

106 

do 

48 

27 

do 

35 

90 

do          .  .i           .          .                 ... 

31 

Aug.    5 
Sept.    4 
Oct.    14 

do 

24 

do 

21 

do 

10 

28 

do 

12 

Daily  gage  height,  in  feet,  of  Fraser  River  at  upper  station  near  Fraser,  Colo.,  for  1908-9. 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Day. 

May. 

June. 

July. 

Aug. 

Sept 

Oct 

1906. 
1 

0.56 
.60 
.70 
.70 
.70 

.70 
.70 
.70 
.70 
.70 

.70 
.70 
.70 
.70 
.80 

1.12 
1.16 
1.30 
1.38 
1.37 

1.27 
1.33 
1.17 
1.40 
1.55 

1.50 
1.60 
1.40 
1.25 
1.30 

0.93 
.97 
.95 
.95 
.95 

.85 
.85 
.97 
.95 
.80 

.80 
.80 

.78 
.78 
.80 

0.75 
.75 
.76 
.72 
.75 

.85 
.75 
.75 
.75 
.72 

.73 
.72 
.72 
.72 
.73 

0.55 
.55 
.60 
.60 
.60 

.60 
.60 
.60 
.60 
.60 

.60 
.60 
.60 
.60 
.60 

0.55 
.50 
.60 
.50 
.50 

.50 
.50 
.50 
.50 
.60 

.50 
.50 
.60 
.50 

1908. 
16 

0.85 

.90 

.95 

1.07 

1.00 

.95 
.97 
1.00 
.95 
.85 

.93 
.95 
.85 
.87 
.80 
.95 

1.30 
1.35 
1.30 
1.23 
1.30 

1.27 
1.38 
1.25 
1.23 
1.20 

1.10 
1.25 
1.10 
1.10 
.93 

0.75 
.72 
.80 
.83 
.80 

.80 
.80 
.88 
.76 
.75 

.88 
.75 
.78 
.75 
.85 
.83 

a72 
.73 
.72 
.73 
.70 

.70 
.70 
.70 
.70 
.68 

.65 
.63 
.60 
.60 
.60 
.60 

0.55 
.55 
.56 
.55 
.56 

.56 
.56 
.50 
.50 

.50 

.50 
.50 
.50 
.50 
.50 

2 

17 

3 

18 

4 

19 

5 

20 

6 

21 

7 

8 

9      

22 

23 

24 

10 

25 

11 

26 

12 

27 

13 

28 

14 

29 

15 

30 

31 

96620*'— W8P  269—11 8 
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114  SURFACE   WATER  SUPPLY,  1909,  PART  IX. 

Daily  gage  height ^  in  feetj  of  Fraser  River  at  upper  italion  near  Eraser,  Colo,,  for 

1908-9 — Continued . 


Day. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Day. 

July. 

Aug. 

Sept 

Oct 

Nov. 

igoo. 

1909. 

1 

1.30 

0.76 

0.60 

0.60 

0.50 

16 

a86 

0.60 

0.70 

a40 

2 

1.30 

.75 

.60 

.60 

.50 

17 

.86 

.90 

.70 

.40 

3 

1.25 

.70 

.60 

.50 

.50 

18 

.86 

.70 

.70 

.35 

4 

1.26 

.70 

.60 

.50 

.50 

19 

.90 

.70 

.70 

.36 

5 

1.20 

.66 

.60 

.50 

.50 

20 

.90 

.70 

.70 

.30 

6 

1.20 

.70 

.60 

.50 

.60 

21 

.86 

.70 

.70 

.26 

7 

1.16 

.70 

.66 

.50 

.65 

22 

.86 

.70 

.70 

.50 

8 

1.10 

.70 

.66 

.50 

.65 

23 

.86 

.70 

.70 

.50 

9 

1.06 

.80 

.66 

.50 

.50 

24 

.86 

.70 

.66 

.^ 

10 

1.00 

.80 

.70 

.50 

.45 

26 

.80 

.70 

.66 

.50 

U 

.96 

.80 

.70 

.46 

.30 

26 

.80 

.70 

.66 

.50 

12 

.90 

.80 

.70 

.46 

.40 

27. 

.80 

.70 

.66 

.50 

13 

.90 

.70 

.70 

.40 

.40 

28 

.80 

.70 

.66 

.65 

14 

.90 

.70 

.70 

.40 

.40 

29 

.80 

.70 

.66 

.50 

16 

.86 

.70 

.70 

.40 

30 

31 

.76 
.76 

.70 
.60 

.66 

.50 
.50 

DaUy  dMiarge,  in  wecond-feet,  of  Fraser  River  at  upper  station,  near  Fraser,  Colo.,  for 

1908-9. 


Day. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Day. 

May 

June. 

July. 

Aug. 

Sept 

Oct 

1906. 
1 

7 
8 
13 
13 
13 

13 
13 
13 
13 
13 

13 
13 
13 
13 
18 

46 
61 
70 
82 
81 

66 
73 
62 
86 
116 

106 
125 
86 
62 
70 

27 
30 
34 
34 
34 

21 
21 
30 
34 
18 

18 
18 
17 
17 
18 

16 
15 
16 
14 
16 

22 
16 
16 
16 
14 

14 
14 
14 
14 
14 

7 
7 
8 
8 
8 

8 
8 
8 
8 
8 

8 
8 
8 
8 
8 

7 
5 
6 
5 
5 

5 
6 
5 
5 
6 

6 
5 
6 
6 

1908. 
16 

22 
25 
29 
41 
34 

29 
31 
34 
29 
29 

27 
29 
22 
23 
25 
29 

70 
77 
70 
60 
70 

65 
82 
62 
60 
56 

44 

60 
44 
44 

27 

15 
14 
18 
20 
18 

18 
18 
24 
16 
15 

24 

15 
17 
16 
22 
20 

14 
14 
14 
14 
13 

13 
13 
13 
13 
12 

11 
10 
8 
8 
8 
8 

2 

17 

3 

18 

4 

19 

5 

20 

6 

21 

7 

22 

8   

23 

9 

24 

10 

26 

11 

26 

12 

27 

»  ' 

13 

28 

6  1 

14 

29 

6 

16 

30 

31 

Day. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Day. 

July. 

Aug. 

Sept 

Oct 

Nov. 

1900. 
1 

140 
140 
128 
128 
114 

114 
106 
92 
81 
66 

56 
48 
48 
48 
40 

31 
31 
27 
27 
24 

27 
27 
27 
36 
36 

36 
35 
27 
27 
27 

21 
21 
21 
21 
21 

21 
24 
24 
24 
27 

27 

27 
27 
27 
27 

21 
21 
16 
16 
15 

16 
16 
16 
16 
16 

13 
13 
10 
10 
10 

10.5 
10.6 
10.6 
10.6 
10.6 

15 
12 
12 
10.5 
0.5 

8 
9 
9 
9 

1909. 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

40 
40 
40 
48 
48 

40 
40 
40 
40 
35 

36 
36 
36 
36 
31 
.11 

21 
48 
27 
27 
27 

27 
27 
27 
27 
27 

27 
27 
27 
27 
27 
21 

27 
27 
27 
27 
27 

27 
27 
27 
24 
24 

24 
24 
24 
24 
24 

10 
10 

8 

8 

6 

6 

10.6 
10.6 
10.6 
10.6 

10.6 

10.6 

12 

10.6 

10.6 

10.5 

2 

3 

4 

5 

6 

7  . 

8 

9 

10 

11 

12 

13 

14 

15 

1 

__ 

1 
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Monthly  disduarge  of  Fraur  River  at  upper  station  near  Fraser^  Colo.,  for  1908-9. 


ICooth. 


Disdiarge  in  8eoon<Meet. 

VLtLTJmwm, 

Minimum. 

Mean. 

41 

7 

20.0 

125 

27 

L       «8« 

34 

14 

*        21.3 

22 

8 

13.3 

8 

5 

6.0 

7 

5 

6.1 

140 

81 

63.3 

48 

21 

28.5 

27 

21 

24.8 

21 

5 

12.0 

15 

8 

10.5 

Run-off 
(total  in 
acre-feet). 


1906. 

M*y 

June 

July 

August 

September 

oS.1-14 

1900. 

July 

August 

September 

October 

Nov.1-14 


1,290 

4,060 

1,300 

818 

411 

142 


3,800 

1,760 

1,480 

738 


#RA8ER  BIYER  AT  LOWER  STATION  NEAR  FRA8ER,   GOLO. 

This  station,  which  was  established  June  1,  1907,  and  discontinued 
October  30,  1909,  is  located  about  6  miles  above  Fraser  post  office, 
Colo.,  one-fourth  mile  below  the  mouth  of  Jim  Creek  and  about 
3  miles  above  the  mouth  of  Vasquez  River. 

The  drainage  area  is  approximately  24  square  miles.  The  location 
and  datum  of  the  rod  gage  remained  constant  while  the  station  was 
being  maintained. 

Discharge  measurements  of  Fraser  River  at  lower  station  near  Fraser,  Colo.,  in  1907-1909. 


Date. 

Hydrographer. 

he^. 

Dis. 
charge. 

1907. 
June    6 

O.  IC.  Bull 

Feet. 
1.60 
1.70 
2.55 
1.40 
1.06 
.80 

.30 

.85 

1.20 

1.30 

2.50 

l.«0 

1.60 

1.10 

1.00 

.80 

.60 

.40 

.25 

2.00 
1.45 
1.25 
.90 
.75 
.75 
1.00 
.80 
.60 
.35 

Sec.-fl. 
100 

12 

.do 

106 

July    2 

Aug.    2 

15 

.do     

196 

do 

50 

.do 

30 

23 

do 

23 

1908. 
Apr.  28 
llay  14 

18 

Stanley  Kraiicek 

21 

. . .do 

43 

do 

60 

20 

..do :. 

71 

JunA  11 

do       

250 

21 

.do 

103 

July    4 
19 

do           

99 

.do 

50 

30 

do 

50 

Aug.  11 
22 

.do 

48 

do V 

41 

Sept   3 
21 

..do 

83 

do 

24 

1909. 
July    6 
12 

N.  0' Daniels 

320 

...do 

145 

19 

do 

115 

30 

.  .do 

72 

A„g.^5 

do 

57 

...do     

57 

20 

do 

83 

24 

do 

62 

Sept    3 
Oct   18 

do 

42 

do 

23 
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Daily  gage  height y  in  feel,  of  Fraser  River  at  lotver  station  near  Eraser ^  Colo. ^  for 

1907-1909, 


Day. 

June. 

July. 
'2.'55' 

Aug. 

1 

Day. 

June. 

July. 

AdS. 

1907. 
1 

0.54 

1.40 
1.40 
1.40 
1.30 
1.28 

1.26 
1.20 
1.18 
1.18 
1.15 

U. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

1907. 

1.08 

2 

1.70  ' 

1.05 

3 

2.05 

2.45 

1.00 

4 

2^ 
2?55 

*2.'45' 

5 

2.80 

2.55 
2.80 
2.85 

2.00 

1.06 
.98 

6 

1.60 
1.60 
1.70 

7 

.95 

8 

9  .. 

2.70 
2.60, 

1.80 

lo::::::::::::  : 

1 

Day. 

June. 

July. 

Aug. 

1907. 
21 

2.45 
2.70 

a90 

22 

23 

.80 

24 1 

25 

3.00 

26 

27.. 

28 

2.80 

1.75 

29 

30 

1.60 
1.50 

31 

Day. 


1906. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 


May. 

June. 

a40 

1.40 

.40 

1.60 

.40 

1.70 

.40 

1.80 

.40 

1.80 

.40 

1.90 

.40 

1.85 

.40 

1.80 

.40 

1.75 

.30 

2.15 

.50 

2.50 

.60 

2.50 

.75 

2.45 

.85 

2.45 

.95 

2.40 

t.  July.   Aug,  Sept.     Oct. 


1.00  

1.20       .98    

1.60       .95  0.40 

92  .40 

1.52       .80  .40 


1.46 
1.40 
1.45  I 
1.49 
1.40 

1.35 
1.30  I 
1.30  I 
1.30 
1.30 


] 


.86 
.83 
.80 
.80 
.80  , 

.80  I 
.80 
.80 
.80  1 
.80 
I 


.40 
.40 
.40 
.40 
.40  . 

.40  , 
.40 
.40  1 
.40  I 
.40 


a25 
.25 
.25 
.25 
.25 

.25 
.25 
.25 
.25 
.25 

.26 
.25 
.25 
.25 


Day. 


1.00 
1.10 
1.20 
1.35 
1.50 

1.49 
1.48 
1.47 
1.44 
1.40 

1.30 
1.20 
1.10 
1.10 
1.12 
1.15 


2.40 
2.35 
2.30 
2.20 
2.20 


00 


July. 

Aug. 

Sept. 

Oct. 

1.22 

0.80 

0.40 

1.14 

.79 

.40 

1.10 

.78 

.37 

1.10 

.77 

.34 

1.10 

.76 

.31 

1.10 

.75 

.25 

1.10 

.74 

.25 

1.10 

.73 

.25 

1.10 

.71 

.25 

1.10 

.70 

.25 

1.10 

.68 

.25 

1.10 

.66 

.25 

1.10 

.63 

.25 

1.05 

.60 

.25 

1.00 

.59 

.25 

1.00 

.50 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Day. 

July. 

Aug. 

Sept. 

Oct. 

1909. 
1 

0.65 

0.65 

1909. 
16 

2 

0.85 

17 

1.25 

a  75 
1.25 
1.20 
1.00 

.90 

"".'so" 

.75 

.70 
.70 

3         . 

.65 

.50 

18 

0l35 

4 

2.10 

19 

1.25 

5  .     . 

.75 

.75 

.80 



.80 

20 

6 

2.0 

.65 
.80 
.80 
.90 
.85 

."50 

•* ! 

.50 
.50 
.45 

21 

0.75 
.75 
.76 
.75 
.76 

7 

22 

1.20 
1.20 

8 

i.so 

1.75 

23 

.40 

9 

24 

10 

25 

.40 

11 

26 

12 

1.45 
1.40 
1.35 

.75 
.75 
.75 

27 

.70 

.40 

13 

28 

14 

29 

.65 
.65 

15 

30 

.90 
.90 

.70 

.35 

I 

31 

1 
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Daily  discharge f  in  second-feet^  of  Eraser  River  at  lower  station  near  Eraser ^  Colo.^  for 

1907-1909, 


Day. 

June. 

July. 

Aug. 

Day. 

June. 

July. 

Aug.  i 

Day. 

June. 

July. 

Aug. 

1907. 
1 

35 
48 
61 
74 

87 

100 

100 

106 
105 
105 

200 
196 
192 
186 
196 

188 
180 
180 
180 
180 

49 
49 
49 
45 
44 

42 
40 
38 
38 
36 

1907. 
U 

105 
105 
126 
185 
210 

196 
210 
225 
205 

200 

180 
180 
180 
140 
105 

100 
100 
108 
105 
106 

1 
34 
30  . 

28  1 
29 

30| 

28  1 

28, 
28 
27 
27 

1907. 
21 

180 
205 
220 
235 
250 

238 
224 
210 
207 
203 

105 
105 
106 
105 
106 

106 
105 
105 
104 
105 
75 

26 

2       .  . 

12 

22..  . 

24 

3 

13 

23 

23 

4 

14 

24 

22 

5 

15 

25 

21 

6 

16 

26 

19 

7 

17 

27 

18 

8  .    .   . 

18 

28 

17 

9 

19 

29 

16 

10 

20 

30.. 

15 

31 

15 

Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1906. 
I 

25 
25 
25 
25 
26 

25 
25 
25 
25 
22 

29 
33 
41 
46 
52 

85 
108 
118 
130 
130 

142 
135 
130 
125 
175 

235 
235 
225 
225 
217 

72 
69 
108 
104 
100 

90 
85 
81 
93 
85 

81 

77 
77 
77 
77 

56 
64 
52 
50 
48 

47 
45 
43 
43 
43 

43 
43 
43 
43 
43 

25 
25 
25 
25 
25 

26 
26 
25 
25 
26 

26 
26 
25 
26 
25 

20 

2 

20 

3 

20 

4 

20 

5 

20 

6 

20 

7 

20 

8 

20 

9 

20 

10 

20 

11 

20 

12 

20 

13 

20 

14 

20 

15 

Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1908. 
16 

56 
62 
69 
81 
96 

93 
92 
91 
89 
86 

77 
69 
62 
62 
63 
66 

217 
208 
200 
186 
185 

156 
200 
210 
220 
230 

238 
200 
136 
103 
76 

71 
64 
62 
62 
62 

62 
62 
62 
62 
62 

62 
62 
62 
58 
55 
56 

43 
42 
42 
41 
41 

40 
40 
40 
39 
38 

37 
36 
35 
33 
33 
33 

25 
25 
24 
23 
22 

20 
20 
20 
20 
20 

20 
20 
20 
20 
20 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27  . 

28 

29 

30.. 

31 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1909. 

1909. 

1 

420 

68 

47 

47 

26 

16 

121 

67 

62 

25 

2 

420 

68 

47 

42 

25 

17 

116 

57 

57 

23 

3 

375 

68 

47 

38 

25 

18 

115 

115 

57 

23 

4 

375 

57 

47 

34 

25 

19 

115 

108 

57 

23 

6 

320 

67 

47 

34 

23 

20 

116 

83 

57 

23 

6 

320 

67 

47 

34 

23 

21 

108 

72 

67 

23 

7 

265 

62 

62 

34 

23 

22 

108 

72 

67 

26 

8 

225 

62 

62 

34 

23 

23 

108 

68 

57 

26 

9 

210 

62 

72 

34 

23 

24 

108 

62 

57 

25 

10 

las 

62 

68 

34 

23 

25 

102 

57 

57 

26 

........ 

11 

165 

57 

68 

34 

23 

26 

95 

52 

57 

26 

12 

145 

57 

68 

34 

23 

27 

90 

62 

62 

26 

13 

137 

57 

68 

30 

23 

28 

83 

52 

62 

25 

14 

128 

67 

62 

30 

23 

29 

77 

47 

62 

25 

15 : 

121 

57 

62 

26 

30 

31 

72 
72 

47 
47 

52 

23 
23 

Note.— Discharges  estimated  for  days  on  which  gage  was  not  read. 
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MofUhly  disdiorge  of  Fra^er  River  at  lower  gtation  near  Praser^  Colo. ,  for  1907-1909. 


Month. 


1907. 

Jane 

July 

August 

1908. 

May 

June 

July 

August 

September 

Oct.  1-14 

1909. 

July 

August 

September 

October 

NoY.l-U 


Discharge  In  seoond-feet. 


Maximum. 


260 

200 

49 


106 
&5 
25 
20 


420 
116 
72 
47 
26 


Mean. 


1O0.O 
100.0 
30.0 


53.6 
173.0 
72.9 
42.2 
23.1 
20.0 


175.0 
«3.1 
57.1 
29.2 
38.6 


Run-off 
(total  in 
acre-fset). 


9,500 
8,000 
1,870 


8.290 
10,300 
4,480 
2,600 
1,370 
665 


10,800 
8,880 
3,400 
1,800 
666 


BIO   (east)   JIM   CREEK   AT  MOUTH|  NEAR   FRA8ER,   COLO. 

Jim  Creek  drains  the  west  slope  of  James  Peak,  and  the  two 
branches,  East,  or  Big  Jim,  and  the  West,  or  Little  Jim,  miite  a 
short  distance  above  the  point  where  they  enter  the  Fraser  River, 
some  6  miles  above  Fraser  post  office,  Colo.  The  drainage  area  of 
the  two  creeks  is  about  7i  square  miles. 

This  station,  which  was  established  June  1,  1907,  and  discontinued 
November  11,  1909,  is  located  just  above  the  junction  of  the  Big 
and  Little  Jim,  about  1  mile  above  Idlewild  ranger  station. 

The  location  and  datum  of  the  rod  gage  remained  constant 
while  the  station  was  being  maintained. 


Discharge  meamrements  of  Big  Jim  Creek  at  moiUht  near  Fraser,  Colo.,  1907-1909. 

Date. 

Hydrographer. 

h^U 

Dis- 
chaige* 

1907. 
June    1 

a.M.  Bull 

FetL 
0.30 
.60 
.90 
.45 
.35 

.40 
.50 
.50 
.96 
.90 
.66 
.40 
.40 
.34 
.27 
.20 
.10 

.96 
.86 
.60 
.50 
.50 
.70 
.46 
.30 

Sec-fi. 
6.6 

12 

do 

15.0 

July    2 
Aug.    6 

do 

36.0 

do 

8.3 

15 

do 

6:2 

1906. 
May  20 

Stanley  Ki^Jloek 

10.7 

26 

do '. 

12.4 

June    2 

do 

13.4 

11 

do 

44.7 

22 

do 

46.4 

July    4 
19 

do 

25.7 

do 

13.7 

23 

do 

12.5 

AU£.  11 

do 

9.8 

29 

do 

7.4 

Sept.   3 

do ..    .. 

5.4 

21 

do 

3.5 

1909. 
July  10 
12 

N,  o>nan<ei« 

38.5 

do 

84.0 

30 

do 

18.5 

Aug.    5 

do 

14.5 

12 

do 

14.5 

20 

do 

24.5 

Sept.   3 

do ^ 

12.6 

Oct.   18 

do 

7.0 
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Satiy  gage  height^  in/eety  of  Big  Jim  Creek  at  mouthj  near  Fnlkti  t!oto.,for  1907-1909.- 


Day. 

JoiM 

i.  July. 

Aug. 

Day. 

June. 

July. 

Atifr 

Day. 

June. 

July. 

Aug^ 

1907. 
1 

aao 



.   0.90 

afio 

.50 
.50 
.50 
.50 

.46 
.48 
.40 
.40 
.40 

U 
12 
13 
14 
15 

16 
17 
18. 
19 
20 

1907 

a38 

.40 
.36 

1907. 
21 

0.70 
.86 

aao 

2 

a60 
.70 

22 

3 

a85 

23 

.30 

4..             .  . 

.     .85 
.     .85 

".'86 


24. 

6 

.90 

.75 
.90 
.90 
.80 
.80 

.65 

.36 
.80 

26 

.96 

6 

.56 
.5£ 
.6C 

26. 

7 

.66 

27 

7 

28 

.90 

a65 

9  .     .. 

.65 

29 

10 

30 

.68 
.53 

• 

31 

I 

Day. 

A 

Pr. 

May. 

JuDe. 

July. 

Aug. 

Sept. 

Oct. 

Day. 

Apr. 

May 

.  June. 

July. 

Aug. 

Sept. 

Oct. 

1906. 
I.... 

a2o 

.20 
.20 
.25 
.25 

.30 
.30 
.30 
.30 
.30 

.30 
.30 
.35 
.35 
.40 

0.30 
.40 
.40 
.50 
.50 

.60 
.60 
.55 
.55 
.75 

.95 
.80 
.80 
.80 
.80 

0.65 
.55 
.56 
.55 
.55 

.55 
.55 
.55 
.55 
.55 

.53 
.50 
.47 
.44 
.40 

0.40 
.40 
.39 
.39 
.37 

.36 
.35 
.34 
.34 
.34 

.34 
.32 
.28 
.24 
.20 

0.20 
.20 
.20 
.20 
.20 

.20 
.20 
.20 
.19 
.19 

.19 
.19 
.19 
.19 
.19 

0.18 
.18 
.18 
.18 
.18 

.18 
.18 
.18 
.18 
.18 

.18 

.    .18 

.18 

.18 

IS 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 

108. 

0.4C 
.4C 
.4C 
.4C 

.4C 

.4C 
.4C 
.4C 
.4C 

.4C 

.4C 
.31 
.3C 
.3( 
.X 
.3( 

1    0.80 
1      .85 
)      .85 
\       .90 
»       .90 

)      .90 
)      .90 
)       .90 
)      .90 

>  .85 

>  .85 

>  .77 

>  .70 
)      .70 
1       .68 

0.40 
.40 
.40 
.40 
.40 

.40 
.40 
.40 
.40 
.40 

.40 
.40 
.40 
.40 

0.18 
.16 
.16 
.14 
.12 

.10 
.13 
.18 
.18 
.20 

.21 
.22 
.24 
.27 
.27 

0.18 
.18 
.18 
.18 
.18 

.18 
.18 
.18 
.18 
.18 

.18 
.18 
.18 
.18 
.18 

2 

3 

4 

5. 

6.... 

7    .. 

g 

9 

10    . 

11.... 

12.   .. 

13.... 

0.30 
.26 
.25 

14 

29.... 
30---- 

15.... 

31 

1 



Day. 

July. 

Aug. 

Sepi 

Lit 

Oct. 

NOV. 

Day. 

July. 

Aug. 

Sept. 

O 

ct 

Nov. 

1909. 
1 

O.-!- 

0.40 

6 
0 
6 
0 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
20 
30 
81 

1909. 

0.60 
.50 
.70 
.80 
.70 

.60 
.60 
.50 
.50 
.50 

2 

. 

0.75 
.70 
.70 

3 

.45 

0.30 

4 

.40 

0.3 

6 

0.50 

a50 

6 

1.20    . 

.50 
.60 
.80 
.65 
.65 

.3 

7 

.60 
.50 

8 

1.10   . 
1.05    . 
.95 

".'so' 

.40 
.40 

... 
.70 

.30 

9 

.3 

10 

.35 

11 

.40 
.40 
.40 

.3 

12 

.85 
.80   . 
.80   . 

.50 

.50 

13 

14 

15 

.50 

.60 

.50 

.30 

1 
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Daily  discharge,  in  second-feet,  of  Big  Jim  Creek  at  month,  near  Fraser,  Colo.,  for  1907-1909, 


Day. 


1907. 

1 

2. 

8 

4.. 

5 

6 

7 

8 

» 

10 


June. 


5.6 

7 

8 
10 
12 

14 
14 
16 
15 
15 


July. 


29 


Aug. 


11 
11 
11 
11 
11 

8.3 
10 

8 
8 
8 


Day. 


1907. 

11 

12 

13 

14 

15 

16. 

17 

18 

19 

20 


June. 

July. 

Aug. 

15 

30 

7 

15 

30 

8 

20 

31 

6 

28 

25 

6 

36 

18 

6 

24 

18 

6 

36 

18 

6 

36 

17 

6 

27 

15 

6 

27 

15 

6 

Day. 


1907. 


June. 


July. 


Aug. 


Day. 


1908. 

1 

2 

8 

4 

5 

G 

7 

8 

9 

10 

11...... 

12 

13 

14 

15 


May. 


Jane. 

July. 

Aug. 

Bept. 

Oct. 

9 

20 

13 

5 

13 

20 

13 

5 

13 

20 

12 

5 

17 

20 

11 

5 

17 

20 

11 

5 

22 

20 

10 

5 

22 

20 

10 

5 

20 

20 

10 

5 

20 

20 

10 

5 

32 

20 

10 

5 

47 

19 

10 

5 

35 

17 

9 

5 

35 

16 

8 

5 

35 

14 

7 

5 

35 

13 

5 

Day. 


16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


190S. 


May. 

13 

June. 

July. 

35 

13 

13 

39 

13 

13 

39 

13 

13 

43 

13 

13 

43 

13 

13 

43 

13 

13 

43 

13 

13 

43 

13 

13 

43 

13 

13 

39 

13 

13 

39 

13 

10 

33 

IS 

9 

29 

13 

9 

29 

13 

9 

27 

13 

9 

13 

Aug. 


Sept. 


5 

5 

4 

5 

4 

5 

4 

5 

3 

5 

3 

5 

4 

5 

4 

5 

5 

5 

5 

5 

6 

5 

6 

5 

7 

5 

8 

5 

8 

5 

Oct. 


Day. 


1909. 

1 

2 

3.... 
4.... 
5 

6.... 
7.... 
8.... 
9.... 
10 

11 

12... 
13.... 
14. . . . 
15.... 


July. 


70 
70 
66 
60 
55 

60 
47 
45 
43 
38.5 


34 
31 
31 
31 


Aug. 


16.5 
16.5 
16.5 
14.5 
14.5 

14.5 
14.5 
14.5 
14.5 
14.5 

14.5 
14.5 
14.5 
14.5 
14.5 


Sept. 

Oct. 

Nov. 

12.5 

10.5 

10.5 

12.6 

10.5 

10.5 

12.5 

10.5 

10.5 

12.6 

10.5 

14.5 

10.5 

14.5 

10.5 

18.5 

10.5 

31 

10.5 

21 

10.6 

21 

10.5 

21 

10.5 

21 

10.5 

18.5 

10.5 

18.5 

10.5 

18.5 

10.5 

Day. 


1909. 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


July. 


'      28 
;      24.5 
I      24.5 
24.6 

24.5 
24.5 
24.5 
24.5 
24.6 

24.5 

21 

21 

21 

18.5 

18.5 


I 


Aug. 

Sept. 

Oct. 

14.5 

18.5 

8.5 

14.5 

16.6 

8.5 

24.5 

16.5 

7 

31 

16.5 

7 

24.5 

14.5 

7 

18.5 

14.6 

7 

18.5 

14.6 

7 

14.6 

14.6 

7 

14.6 

14.5 

8.5 

14.5 

14.5 

8.5 

14.6 

14.6 

8.5 

14.5 

12.5 

8.5 

14.6 

12.5 

7 

14.6 

10.5 

7 

14.5 

10.5 

7 

14.5 

7 

Nov. 


Note.— Discharges  interpolated  for  days  on  which  gage  was  not  read. 


Digitized  by 


Google 


COLORADO  RIVER  BASIN.  121 

Monthly  discharge  of  Big  Jim  Oeeh  at  mouthy  near  Frasery  Colo.  ^  for  1907-1909. 


Month. 


Discharge  in  second-feet. 

Maximum. 

Minim  iim. 

Mean. 

40 

6 

24 

36 

14 

22 

11 

4 

7 

9 

7 

7.7 

13 

5 

10.1 

47 

9 

31.3 

20 

13 

15.7 

13 

3 

7.6 

5 

5 

5.0 

5 

5 

5.0 

70 

18.5 

35.0 

31 

14.5 

16.1 

31 

10.5 

16.1 

10.5 

7 

8.98 

10.5 

7 

7.75 

Run-off 
(total  in 
acre-feet). 


1907. 

June 

July 

August 

1908. 

April  28-30 

May 

June 

July 

August 

September 

October  1-14 

1909. 

July 

August 

September 

Octol>er 

November  1-14 


1,450 

1,370 

434 


45 
621 
,860 
965 
446 
297 


2,150 
990 
958 
552 
215 


LITTLE   (weIbt)  JIM   CREEK  AT  MOUTH,  NEAR  FRA8ER,  COLO. 

This  station,  which  was  established  June  1,  1907,  and  discontinued 
September  3;  1909,  is  located  just  above  the  junction  of  the  Little 
Jim  with  th^'Big  Jim,  about  6  miles  above  the  Fraser  and  at  an 
elevation  of  about  9,000  feet  above  sea  level. 

The  location  and  datum  of  the  rod  gage  remained  constant  while 
the  station  was  being  maintained. 

Discharge  measurements  of  Little  Jim  Creek  at  mouthy  near  Fraser y  Colo.y  in  1907-1909. 


0 

Date.                                                     Hydrographer. 

Gage 
height. 

Dis- 
charge. 

1907. 
June    1 

0.  M.  Bull 

FeU. 
1.02 
1.55 
1.90 
1.00 
.85 

.73 
.70 
.80 
1.70 
1.20 
.70 
.70 
.60 
.58 
.68 
.50 

1.50 
1.30 
1.00 
.90 
.70 
.70 
.65 
.95 
.65 
.50 

""fn 

12 

do 

9.6 

July     2 

do 

17.1 

Aug.    6 

do 

1.9 

23 

do 

1  2 

1908. 
May  20 

Stanley  Krajicek 

2.4 

26 

do 

2.2 

June    2 

do 

3.1 

11 

do 

14.2 

July     4 

do 

5.9 

19 

do 

2.1 

23 

do : 

2.2 

Aug.  11 

do 

1  2 

29 

Sept.    3 

21 

do 

.9 

do 

.9 

do 

.6 

1909. 
July  10 

N.  O'Daniels 

13 

12 

do 

7.5 

23 

do 

4.0 

30 

do 

3.0 

Aug.    5 

do • 

1.5 

12 

do 

1.5 

17 

do 

1.3 

20 

do 

3.20 

24 

do 

1.3 

Sept.   3 

do 

.5 
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Daily  gage  height,  in  feet,  of  Little  Jim  Creek  at  mouthy  near  Fraser,  Colo.f/w  1907-190§. 


Day. 

June. 

July. 

Aug. 

Day. 

June. 

July. 

Aug. 

Day. 

June. 

July. 

Aug. 

igo7. 
1 

1.02 

'i'.w 

1.10 
1.05 

11.. 
12.. 
13.. 
14.. 
15.. 

16.. 
17.. 
18.. 
19.. 
20.. 

1907. 

":2 

.90 

21.. 
22.. 
23.. 
24,. 
25.. 

26.. 
27.. 
28.. 
29.. 
30.. 
31.. 

1907. 

1.75 
1.85 

aso 

2.. 

1.55 
1.70 

i'.ih' 

8 

.85 

4             

1.70 
1.75 

1.06 
1.00 

1.00 
1.00 

.w  , 

.96 
.93  , 

5 

1.95 

1.80 
1.90 
1.90 
1.85 
1.85 

1.55 
1.50* 

.90 
.80 

1.95 

6 

1.45 
1.45 
1.50 

7 

8. 

1.90 

1.35 

9 

1.35 

10 

1.20 
1.13 

Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

iDay. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1906. 
1.... 

0.50 
.50 
.50 
.50 
.55 

.55 
.56 
.60 
.60 
.65 

.65 
.65 
.70 
.70 
.75 

aso 

.80 

.85 

.90 

1.00 

1.10 
1.10 
1.10 
1.10 
1.40 

1.70 
1.60 
1.55 
1.55 
1.50 

1.20 
1.20 
1.20 
1.20 
1.20 

1.20 
1.20 
1.13 
1.07 
1.00 

.93 

.87 
.85 
.84 
.82 

a7o 

.70 
.69 
.68 
.66 

.64 
.62 
.60 
.60 
.60 

.60 
.58 
.56 
.53 
.50 

a58 
.58 
.58 
.58 
.58 

.68 
.58 
.58 
.58 
.58 

.57 
.56 
.55 
.55 
.56 

0.50 
.50 
.60 
.60 
.50 

.50 
.60 
.50 
.50 
.50 

.50 
.50 
.60 
.50 

,  1906. 
1  16... 

.75 
.75 
.75 
.74 
.73 

.76 
.75 
.75 
.80 
.80 

.70 
.65 
.60 
.60 
.60 
.60 

1.50 
1.50 
1.50 

}:S 

1.55 
1.60 
1.60 
1.55 
1.55 

1.50 
1.45 
1.40 
1.S2 
1.24 

a  81 
.80 
.75 
.70 
.70 

.70 
.70 
.70 
.70 
.70 

.70 
.70 
.70 
.70 
.70 
.70 

a60 
.60 
.60 
.50 
.60 

.60 
.60 
.60 
.50 
.60 

.62 
.54 
.66 
.58 
.56 

a56 

.66 
.66 
.66 
.66 

.56 
.56 
.56 
.66 
.66 

.66 
.66 
.66 
.66 
.66 

2.... 

1  17... 

3.... 

18... 

4 

19... 

5.... 

20... 

6.... 

21... 



7.... 

22... 

8.... 

23... 

9.... 

24... 

10. . . . 

25... 

11.... 

26... 

12. . . . 

27... 

13.... 
14.... 
15.... 

28... 
29... 
30... 
31... 

0.70 
.65 
.60 

i 

Day. 

July. 

Aug. 

Day. 

July. 

Aug. 

Day. 

July. 

Aug. 

1909. 
1 

1 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

1909. 

2 
2 
2 
2 
2 

2 
2 
2 
2 
3 
3 

1909. 
1. 

2 

1 

1.30 
1.26 
1.20 

.70- 

2 

3 

I 

3 

1.00 

4 

4 

0.65 

5 

a  70 

5 

6 

0 

7 

1.15 

.65 

7 

.00 

8 

1.60 

8 

9 

1.60  ! 
1.50  i 

1.10 

1.20 
.95 

9 

10 

.fl 

Jt 

0 

.90 

1 

1 

1 

1 

1 

Daily  dischargey  in  second-feet,  of  Little  Jim  Creek  at  mouth,  near  Fnuer,  Colo.,  for 

1907-1909. 


Day. 

June. 

July. 

Aug. 

Day. 

June. 

July. 

Aug. 

Day. 

June. 

July. 

Aug. 

1907. 
1 

3 

4 
6 
6 

7 

8 
8 
9 
9 
9 

17 
17 
16 
13 
14 

14 
13 
13 
13 
13 

3 
3 
3 
3 

2 

1.9 

2 

2 

2 

2 

11. 
12.. 
13. 
14.. 
15.. 

16.. 
17.. 
18.. 
1  19.. 
20.. 

1907. 

9 

9.6 
13 
16 
19 

15 
17 
17 
16 
16 

14 
14 
14 
12 
10 

10 
9 
7 
6 
6 

2 
2 
2 
2 
2 

21.. 
22. 
23. 
24.. 
25.. 

26., 

27. 
28. 
29. 
30. 
31. 

1907. 

14 
16 
17 
18 
19 

19 
18 
17 
17 
17 

2 

3 

1.2 

4 

5 

6 

7 

8 

9 

10 
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Daily  disthargef  in  second-feety  of  LiUle  Jim  Creek  at  mouthy  near  Frasef,  Colo.y  for 

1907-1909— Continued. 


Day.   Apr. 


May. 


1906., 

1....! 

2....I 

3. 

4. 

6. 


«.. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 


June. 


July. 


Aug. 


Sept 


1.4 
1.4 
1.4 
1.4 
1.4 

1.4 
1.4 
1.4 
1.4 
1.4 

1.4 
L3 
1.3 
1.3 
1.3 


Oct. 


Day. 


1906. 
16... 
17... 
18... 
19... 
20... 


26. 

27. 

28. 

29.... 

30. 

31. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept. 


1.3 
1.3 
1.3 
1.3 
1.3 

1.3 
1.3 
1.3 
1.3 
1.3 

1.3 
1.3 
1.3 
1.3 
1.3 


Oct. 


Day. 

July. 

Aug. 

Sept 

Oct. 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Day. 

July. 

Aug. 

Sept.  1  Oct. 

1909. 

1909. 

1909. 

1 

23 

2.5 

1.0 

0.4 

11 

10 

1.5 

1 

0.4 

21 

4.5 

2.5 

0.7 



23 

2.0 

.6 

12 

7.5 

1.5 

1 

.4 

22 

4.5 

1.7 

21.5 

1.7 

.5 

13 

7 

1.3 

1 

23 

4 

1.5 

4 

19.5 

1.5 

.5 

14 

6 

1.3 

1 

24 

4 

1.3 

19.5 

1.5 

.7 

15 

6 

1.5 

.7 

25 

4 

1.3 

16.5 

1.5 

16 

5.5 

1.5 

26 

4 

1 

16.6 

1.5 

17 

5.5 

1.3 

27 

3.5 

1 

8 

16.5 

1.3 

18 

5.5 

2 

28 

3.5 

1 

.4  ' 

9 

16.5 

1.3 

19 

5 

6 

29 

3 

1 

10 

13 

1.3 

20 

.6 

3.6 

30 

31 

3 
3 

1 
1 

1 

Note.— Dischargee  Interpolated  for  days  when  gage  was  not  read, 
flow  was  almost  sero. 


From  Oct.  12  to  Dec.  31, 1909,  the 


Monthly  discharge  of  Little  Jim  Creek  at  mouth,  near  Fraser,  Colo. ,  for  1907-1909. 


Month. 

Discharge  in  second  feet 

Run-off 
(total  in 
acre-lteet). 

Maximum. 

Minimum. 

Mean. 

Jun«^ . . . 

1907. 

19 
17 
3 

2 
3 
14 
6 
2 

1.4 
1.1 

23 
6 
1 
.4 

3 

4 
1 

2 

1 

2 

2 

1 

1.3 

1.1 

3 

1 

.4 
.4 

12 
10 
2 

2 

1.8 
&2 
3.4 
1.4 
1.3 
1.10 

9.34 
1.67 
.74 
.40 

756 

July 

610 

August -- 

100 

April  28-30 

1908. 

12 

May 

• 

111 

June 

488 

July 

209 

August 

86 

September 

77 

October  1-14 

30 

July 

1909. 

574 

August 

103 

September 

44 

October  1-12 

10 
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SUBFACE  WATEB  SUPPLY,  1909,  PART  IX. 


VASQUKZ   RIVER  AT  UPPER   STATION,  NEAR  FRASER,  COLO. 

Vasquez  River  is  tributary  to  Fraser  River  from  the  west. 

This  station,  which  was  established  May  1,  1908,  and  discontin- 
ued November  9,  1909,  is  located  about  4  miles  above  the  mouth  of 
the  stream,  at  an  elevation  of  approximately  10,000  feet  above  sea 
level. 

The  drainage  area  is  about  9  square  miles. 

The  location  and  datum  of  the  Lallie  automatic  gage  remained 
constant  while  the  station  was  maintained. 


Discharge  meagurements  of  Vasquez  River  at  upper  station  near  Fraser^  Colo.,  1908-9. 


Date. 

Hydrographer. 

Gage 
height. 

Dis- 
charge. 

1908. 
May     1 

Stanley  TTrajlcftlr 

Feet. 
0.23 
.33 
.55 
.83 
1.15 
1.35 
.55 
.75 
.76 
.72 
.64 
.30 

1.90 
1.30 
1.25 
1.00 
.85 
90 
.70 
.45 

««t, 

16 

,(lo' ' 

1&2 

22 

do 

32.8 

Jane    3 

do • 

50.0 

11 

do 

63.5 

17 

do 

108 

30 

do 

87.3 

July  12 
17 

do 

40.3 

do 

46.6 

19 

....do '. 

43.4 

28 

do 

3&3 

Sept.  19 

1900. 
July     4 
14 

do 

14.0 

N.  O'nanlHj? 

208 

do 

114 

17 

.do 

107 

30 

do 

74 

Aug.    5 
12 

.do..             

58 

do 

68 

Sept.  20 
Oct.    18 

.do..                                 

42 

do 

22 

Daily  gage  height,  in  feet,  of  Vazquez  River  at  upper  station  near  Fraser,  Colo.,  for 

1908-9. 


Day. 

JuDe. 

July. 

Aug. 

Sept. 

Oct 

Day. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1908. 

1908. 

1 

0.48 

0.63 

0.38 

0.34 

0.34 

16 

1.41 

0.75 

0.34 

0.34 

2 

.53 

.53 

.38 

.34 

.34 

17 

1.51 

.76 

.34 

.34 

3 

.74 

.53 

.38 

.34 

.34 

18 

1.41 

.75 

.34 

.34 

4 

1.12 

.53 

.38 

.34 

.34 

19 

1.42 

.75 

.34 

.34 

6 

1.15 

.63 

.38 

.34 

.34 

20 

1.38 

.76 

.34 

.34 

6 

1.29 

.53 

.38 

.34 

.34 

21 

1.25 

.70 

.34 

.34 

7 

1.32 

.41 

.34 

.34 

.34 

22 

1.05 

.70 

.34 

.34 

8 

1.41 

.40 

.34 

.34 

.34 

23 

1.12 

.70 

.34 

.34 

9 

1.60 

.48 

.34 

.34 

.34 

24 

1.63 

.60 

.34 

.34 

10 

1.60 

.63 

.34 

.34 

.34 

25 

1.41 

.69 

.34 

.34 

11 

1.51 

.76 

.34 

.34 

.34 

26 

1.36 

.64 

.34 

.34 

12 

1.42 

.75 

.34 

.34 

.34 

27 

1.48 

.64 

.34 

.34 

13 

1.32 

.75 

.34 

.34 

.34 

28 

1.48 

.64 

.34 

.34 

14 

1.32 

.75 

.34 

.34 

.34 

29 

1.48 

.54 

.34 

.34 

15 

1.34 

.76 

.34 

.34 

30 

31 

1.48 

.48 
.47 

.34 
.34 

.34 
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Daily  gage  height ^  in  feet y  of  Vasquez  River  at  upper  station  near  Fraser,  Colo.,  for 

i90^-9— Continued . 


Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1909. 
1 

0.96 
.95 
.90 
.90 
.86 

.85 
.90 
.90 
.90 
.85 

.90 

.85 
.85 
.85 
.85 

0.80 
.80 
.80 

0.60 
.60 
.60 
.60 
.60 

.60 
.60 
.60 

0.70 

"so 

1909. 
16 

0.90 
1.00 
1.00 
1.00 
.90 

.90 

.85 
.85 
.85 
.80 

.80 
.80 
.80 
.80 
.86 
.85 

2 

17 

18 

19 

20 

21 

22 

23 

24 

25 

1.26 
1.30 
1.40 
1.26 

1.20 
1.20 
1.25 
1.25 

0.85 
.90 

3 

0.46 

4 

1.90 

6 

6 

.76 

7 

8 

9 

1 

10 

11 

26 

.70 
.65 
.65 
.65 
.60 

.50 

12....... 

27 

13 

28 

14 

1.30 

29 

15 

30 

31 

1.00 
1.00 

Daily  discharge,  in  second-feet,  of  Vasquez  River  at  upper  station  near  Fraser,  Colo.,  for 

1908-9. 


Day. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Day. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1908. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

28 
31 
46 
73 
76 

86 
88 
95 
109 
102 

102 
96 
88 
89 
91 

31 
31 
31 
31 
31 

31 
23 
23 
28 
38 

46 
46 
46 
46 
46 

21 
21 
21 
21 
21 

21 
19 
19 
19 
19 

19 
19 
19 
19 
19 

19 
19 
19 
19 
19 

19 
19 
19 
19 
19 

19 
19 
19 
19 
19 

19 
19 
19 
19 
19 

19 
19 
19 
19 
19 

19 
19 
19 
19 

1908. 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

95 
103 
95 
98 
93 

83 
68 
73 
53 

« 

28 
28 
28 

46 
46 
46 
46 
46 

43 
43 
43 
42 
42 

39 
39 
39 
32 
28 
27 

19 
19 
19 
19 
19 

19 
19 
19 
19 
10 

19 
19 
19 
19 
19 
19 

19 
19 
19 
19 
19 

19 
19 
19 
19 
19 

19 
19 
19 
19 
19 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1  Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov.  . 

1900. 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

226 
226 
216 
208 
200 

192 
176 
167 
159 
143 

136 
128 
121 
114 
114 

67 
67 
63 
63 
68 

68 
63 
63 
63 
58 

63 
68 
58 
68 
68 

62 
52 
62 
62 
52 

62 
62 
62 
62 

47 

47 
47 
47 
42 
47 

32 
32 
32 
32 
32 

32 
32 
32 
32 
27 

27 
24 
24 
24 
22 

42 
42 
37 
37 
32 

32 
24 
24 
24 
24 

22 
22 
22 
22 

1   1900. 

1  16 

1  17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

107 
107 
114 
128 
107 

101 
101 
107 
107 
107 

101 
96 
88 
82 
74 
74 

63 

74 
74 
74 
63 

63 
68 
68 
68 
52 

62 
62 
62 
62 
68 
68 

52 
58 
63 
68 
62 

47 
42 
42 
42 
42 

42 
37 
37 
37 
32 

22 
22 
22 
22 
22 

22 
22 
22 
24 
24 

24 
22 
22 
22 
27 
32 

Note.— Discharges  in  1909  estimated  for  days  on  which  gage  was  not  read. 
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Monthly  disdiarge  of  Vasquez  River  at  upper  Mtation  near  Fra$er,  Colo.,  for  1908-9. 


Month. 

DisdiMge  in  seoond-feet. 

Rim-off 

(total  in 

jd^xtanom. 

Minimum. 

Mean. 

acre-feat). 

1908. 

JUIM ,  .  , ...  - 

109 
46 
21 
19 
19 

225 
74 
63 
32 
42 

28 
23 
19 
19 
19 

74 
62 
32 
22 
22 

71.6 
37.9 
.  19.4 
19.0 
19.0 

133 
60.6 
47.6 
26.1 
29.0 

4,200 

July 

2,330 

Aufnist. ......  r 

1190 

September    . 

1,130 

October  1-14 

528 

1909. 

July      

8,180 

3  730 

Severn  ber 

2;  830 

October 

1,600 

November  1-14. . .              

806 

YASQUBZ  RIVER  AT  LOWER  STATION  NEAR  FRASER,  COLO. 

This  station,  which  was  established  June  1,  1907  and  discontinued 
November  9,  1909,  is  located  about  1  mile  above  the  mouth  of  the 
stream,  at  an  elevation  of  probably  8,700  feet  above  sea  level.  The 
drainage  area  is  about  12  square  miles. 

The  location  and  datimi  of  the  rod  gage  remained  constant  while 
the  station  was  being  maintained. 

Discharge  measvrements  of  Vasquez  River  at  lower  Mtation  near  Fnuer,  Colo. ,  in  1907-1909, 


Date. 

Hydrographer. 

heiSS^t 

Dls- 
charge. 

1907. 
June    1 

G.  M.  Bull 

Feet. 

aso 

L16 
L76 
1.60 
L35 
.95 
.80 
.70 
.60 

.80 
.80 
1.50 
1.63 
1.80 
1.90 
2.00 
2.5 
L72 
1.70 
1.7 
L40 

1.60 
1.10 
.80 
.65 
.65 
.70 
.60 
.40 

8tc^ 
46 

7 

do 

92 

14 

do 

170 

27 

do 

161 

'"•'as 

do 

133 

do 

72 

AM.S 

do 

52 

do 

39 

18 

...  .do 

31 

1908. 
Apr.  29 
May   10 
14 

Stanley  Krajicok 

10.4 

do'  .     '                

11.3 

do 

23.0 

23 

do..           .            

46.4 

25 

do 

66.0 

June    2 

do 

79.3 

9 

do 

93.2 

11 

do 

177 

July  25 

Aug.  10 

17 

do 

52 

do 

49.1 

do 

60.0 

Sept.  22 

1909. 
July     6 
13 

do 

16 

N.  O'Danlels * 

do 

343 
125 

30 

do 

73 

Aug.    5 
12 

do 

55 

do 

55 

20 

do 

60 

Sept  20 
Oct.    18 

do 

49 

do 

31 
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Daily  gage  hdght,  in  feet^  of  Vasquez  River  at  lower  station  near  Fra$er,  Colo,,  for 

1907-1909, 


Day. 

June. 

July. 

Aug. 

Day. 

June. 

July. 

Aug. 

Day. 

June. 

July. 

Aug. 

1907. 
1 

0.80 

1.66 
1.66 
1.50 
1.46 
1.43 

L35 
1.40 
1.40 
1.35 
1.30 

ao3 

.03 
.83 
.80 
.80 

.78 
.78 
.75 
.75 
.73 

1907. 
11 

1.25 
1.10 
1.10 
1.76 
1.66 

1.60 
1.40 
1.60 
1.48 
1.45 

1.25 
1.20 
1.30 
1.30 
1.16 

1.10 
1.10 
1.06 
1.00 
1.00 

a  75 

.73 
.70 
.73 
.78 

.73 
.68 
.60 
.63 
.68 

1907. 
21 

1.42 
1.40 
1.50 
1.60 
1.56 

1.60 
1.60 
1.60 
1.56 
1.66 

a68 

2  . 

12 

22 

.60 

3 

13 

23 

.60 

4    , 

14 

24 

6 

1.40 

15 

25 

1.00 

6 

16 

26 

7  , 

1.15 
1.20 
1.00 
.90 

17 

27 

.60 

8 

18 

28 

.95 
.05 
.93 
.88 

Q 

19 

29 

10 . 

.... 

20 

30 

31 

Day. 

June. 

July. 

Aug. 

Sept 

Oct 

Day. 

June. 

July. 

Aug. 

Sept 

Oct 

NOB. 
1 

1.00 
1.02 
1.04 
1.06 
1.06 

1.10 
1.13 
1.16 
1.20 
1.20 

1.20 
1.20 
1.20 
1.20 
1.20 

1.00 
.96 
.96 
.92 
.90 

.80 
.89 
.86 
.85 
.86 

.86 
.87 
.86 
.84 
.82 

0.72 
.72 
.72 
.71 
.71 

.71 
.70 
.70 
.70 
.70 

.70 
.70 
.70 
.70 
.70 

0.43 
.43 
.43 
.44 
.44 

.44 
.44 
.44 
.44 
.44 

.44 
.44 

.44 
.45 
.45 

0.44 
.44 
.43 
.43 
.43 

.42 
.42 
.42 
.44 
.46 

.40 
.40 
.40 
.40 

1908. 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

20 

30 

1.20 
1.20 
1.16 
1.12 
1.06 

1.04 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 

0.80 
.78 
.76 
.76 
.75 

.74 
.73 
.73 
.72 
.72 

.72 
.72 
.72 
.72 
.72 
.72 

ao9 

.68 
.67 
.66 
.65 

.64 
.63 
.62 
.61 
.60 

.56 
.52 
.48 
.45 
.45 
.45 

a45 
.45 
.45 
.44 
.43 

.43 
.43 
.43 
.43 
.43 

.43 
.43 
.43 
.43 
.43 

2 

3 

4 

6...  . 

6 

7 

8 

9 

10 

11 

13 

13 

14 

16 

• 

31 

Day. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Day. 

July. 

Aug. 

Sept 

Oct 

Nov. 

1009. 
1 

0.60 

0.60 

0.60 

16 
17 
18 
19 
20 

21 
22 
23 
24 

25 

26 
27 
28 
20 
30 
31 

1900. 

2 

if) 

a65 

8 

.60 

.60 

a40 

4 

1.70 

.80 
.70 

5 

a66 

0.70 

6 

1.S0 

,i 

7 

.60 



.40 
.30 
.30 

8 

0.00 

'   ".'66' 

.60 

9 

10 

1.00 

■■ 

11 

.30 

12 

.66 

.60 

.60 
.60 
.60 
.60 
.60 

13 

1.10 

14 

15 



.80 
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Daily  discharge^  in  second-feet,  of  Vasquez  River  at  lower  station  near  Eraser,  Colo.,  for 

1907-1909. 


Day. 

Jane. 

July. 

Aug. 

Day. 

June. 

July. 

1 
Aug.  1 

Day. 

June. 

July.  1  Aug. 

1 

1907. 
1 

46 
66 
86 
106 
128 

110 
92 

103 
76 
64 

148 
148 
142 
135 
135 

133 
128 
128 
133 
115 

65l 

65 

53 

52 

52 

48 
48 
45 
45 
42 

1907. 
11 

108 
90 
90 
170 
164 

142 
128 
160 
140 
135 

106 
103 
115 
115 
92 

90 
00 
84 
76 
76 

42  ll 
42  l| 
39  1 

42 
48  ' 

42  '1 
38 

1907 
21 

130 
128 
142 
142 
148 

160 
161 
142 
148 
164 

1 

76    38 

2 

12 

22 

76    31 

3 

13 

23 

76  1   31 

4 

14 

24 

76    31 

5 

15 

25 

76    31 

6 

16 

26 

75    31 

7 

17 

27 

74  1   31 

8 

18 

31 
32 
38 

28 

72    31 

9 

19 

29 

72    31 

10 

20 

30 

65    31 

31 

62  1   31 

1 

Day. 

July. 

Aug. 

Sept 

Oct. 

Day. 

June. 

July. 

Aug. 

Sept 

Oct 

1906. 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

U 

85 
88 
90 
92 
94 

100 
104 
107 
125 
125 

125 
125 
125 
125 
125 

85 
83 
79 
75 
73 

71 
60 
68 
67 
68 

68 
60 
68 
66 
64 

54 
54 
54 
54 
54 

54 
53 
53 
53 
53 

53 
53 
53 
53 
53 

33 
33 
33 
33 
33 

33 
33 
33 
33 
33 

33 
33 
33 
34 
34 

33 
33 
33 
33 
33 

32 
32 
32 
33 
34 

31 
31 
31 
31 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
20 
30 
31 

1908. 

125 
125 
108 
103 
94 

90 
85 
85 
85 
85 

85 
85 
85 
85 
85 

62 
60 
58 
57 
57 

65 
55 
55 
54 
54 

54 
54 
54 
54 
54 
54 

62 
52 
51 
50 
49 

48 
47 
46 
46 
45 

41 
38 
36 
34 
34 
34 

34 
34 
34 
33 
33 

32 
33 
33 
33 
33 

33 
33 
33 
33 
33 

12 

13 

14 

15 

1 

Day. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Day. 

July. 

Aug. 

Sept 

Oct 

Nov* 

1909. 
1 

370 
350 
315 
315 
280 

243 
208 
164 
125 
103 

103 
125 
125 
125 
115 

66 
66 
60 
60 
55 

55 
55 
55 
55 
55 

55 
55 
55 
55 
55 

40 
49 
49 
49 
49 

49 
40 
49 
49 
49 

40 
49 
49 
49 
49 

39 
39 
39 
39 
39 

39 
39 
39 
39 
39 

39 
39 
39 
39 
35 

39 
39 
39 
39 

16 
17 
18 
1Q 

1909. 

115 
115 
103 
103 
103 

95 
95 
86 
86 
86 

79 
79 
73 
73 
73 
73 

55 
55 
60 
73 
60 

60 
60 
60 
55 
55 

49 
49 
49 
49 
49 
49 

40 
73 
79 
73 
60 

49 
49 
49 
49 
40 

49 
49 
45 
45 
39 

35 
31 
31 
31 
31 

31 
31 
31 
27 
27 

22 
22 
22 
22 
31 
35 

2 

3 

4 

5 

39  20 

39  1  21 
31  1  22 
22  23 
22  1  24 
22  25 

22  26 
22  27 
22  1  28 
22  1  2d 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

.1  30 
11  .^1 

1 

1 

' 

Note.— Discharges  interpolated  for  days  on  which  gage  was  not  read. 
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Monthly  discharge  of  Vasquez  River  at  lower  station  near  Fraser,  Colo. y  for  1907-1909. 


Month. 


1907. 

June 

July 

August 

1906. 

June 

July 

August 

September 

October  1-14 

1909. 

July : 

August 

September 

October 

November  1-14 


Discharge  in  second-feet. 

Maximum. 

Minimum. 

Mean. 

170 

46 

122 

148 

82 

100 

06 

31 

40 

125 

86 

102 

86 

54 

63.4 

64 

34 

48.5 

34 

32 

33.2 

34 

31 

32.3 

370 

73 

145 

73 

49 

56.3 

79 

39 

51.4 

39 

22 

33.6 

39 

22 

29.9 

Run-off 
(total  in 
.acre-feet). 


7,340 
6,190 
2,510 


6,070 
3,900 
2,980 
1,980 
807 


8,920 
3,460 
3,060 
2,070 


ELK  CREEK   AT  MOUTH,  NEAR   FRA8ER,  COLO. 

Elk  Creek,  the  next  important  stream  tributary  to  the  Fraser 
below  the  Vasquez  River,  enters  about  1  mile  above  Fraser  post 
office.     The  drainage  area  is  about  8  square  miles. 

The  only  station  on  this  stream  was  located  a  short  distance  above 
its  mouth.  The  datum  and  location  of  the  rod  gage  remained 
constant  while  the  station  was  maintained.  The  station  was  estab- 
lished June  5,  1907,  and  discontinued  November  9,  1909. 

Discharge  measuremtnts  of  Elk  Creek  at  mouth,  near  Fraser,  Colo.,  in  1907-1909. 


Dale. 

Hydrographer. 

hei^t. 

Dis- 
charge. 

1907. 
June    5 

G.  M.  Bull 

Feet. 
0.92 
.55 
.25 

L40 
1.30 
1.46 
L60 
1.40 
1.30 
1.00 

.90 
.50 
.40 
.30 
.20 
.20 
.20 

'"t 

July   16 
Aug.    9 

1906. 
May     7 
14 

do 

14 

do 

2 

Stftnlpy  Kmjl«»lc , 

11.8 

do! '. 

7.0 

25 

.do      

16.0 

June    3 

do 

24.2 

July     4 
21 

.do            

12.2 

do 

7.7 

Sept.  24 

1909. 
July     6 
14 

do                       

L6 

N.  O'Daniels 

48 

do 

21 

22 

.do                         

14 

31 

:::::do::::::::::::::::::::::::::::::::::::::::::::::::::::::::. .:....:.::: 

9 

Aug.    7 
16 

do                          

5 

do 

5 

25 

do                                

5 

95620**— W8P  269—11 9 
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Daily  gage  height^  in  feel,  of  Elk  Creek  al  rruyuthy  near  Eraser  y  Colo.,  for  1907-1909. 


Day. 


1907. 


June.  July. 


3 

4 

5 

0.92 

6 

7 

8 

.90 

9 

10 

1.00 

0.85 
.80 
.75 
.75 
.70 

.70 
.75 
.80 
.80 
.80 


Aug. 


ado 

.30 
.25 
.26 
.50 

.20 
.00 
.00 
.25 
.00 


Day. 

June. 

July. 

Aug. 

1907. 
u 

0.80 
1.00 
1.05 
1.05 
1.00 

1.05 
1.00 
1.05 
1.05 
1.10 

0.80 
.75 
.75 
.70 
.70 

.55 
.55 
.50 
.50 
.50 

aoo 

.00 

"Vao 
"".'26 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Day. 

June. 

July. 

Aug, 

21. 

1907. 

1.10 
.93 
.90 
.90 

1.00 

.95 
1.00 

.86 
.85 
.85 

aso 

.50 
.45 
.45 
.46 

.40 
.60 
.36 
.38 
.36 
.33 

22 

o.ao 

23 

24 

25 

26 

27  . 

.15 

28 

29 

30 

31.,       

Day. 


1908. 

1 

2 

3 

4 

5 

I» 

7 

8 

9 

10 

11 

12 

13 

14 

15 


May. 


1.20 
1.23 
1.26 
1.29 
1.33 

1.38 
1.40 
1.38 
1.36 
1.34 

1.32 
1.32 
1.31 
1.30 
1.31 


June.  July.  |  Aug.  |  Sept 


1.58 
1.59 
1.60 
1.61 
1.62 

1.63 
1.64 
1.66 
1.68 
1.60 

1.70 
1.72 
1.73 
1.75 
1.78 


1.40 
1.40 
1.40 
1.40 
1.40 

1.40 
1.40 
1.40 
1.40 
1.40 

1.40 
1.40 
1.30 
1.35 
1.35 


1.30 
1.30 
1.30 
1.29 
1.29 

1.29 
1.28 
1.28 
1.28 
1.28 

1.28 
1.28 
1.28 
1.27 
1.25 


1.04 
1.04 
1.03 
1.03 
1.02 

1.02 
1.02 
1.02 
1.02 
1.02 

1.02 
1.02 
1.02 
1.02 
1.02 


Oct. 


0.98 
.98 
.98 
.98 


.98 
.98 
.98 
.99 
1.00 

1.00 
1.00 
1.00 
1.00 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1908. 
16 

1.32 
1.34 
1.36 
1.37 
1.39 

1.41 
1.43 
1.45 
1.47 
1.48 

1.49 
1.49 
1.50 
1.52 
1.54 
1.58 

1.80 
1.70 
1.80 
1.60 
1.60 

1.60 
1.60 
1.60 
1.57 
1.53 

1.50 
1.49 
1.48 
1.47 
1.45 

1.30 
1.30 
1.30 
1.30 
1.30 

1.30 
1.30 
1.30 
1.30 
1.30 

1.30 
1.30 
1.30 
1.30 
1.30 
1.30 

1.23 
1.20 
1.18 
1.16 
1.14 

1.12 
1.10 
1.08 
1.06 
1.04 

1.04 
L04 
1.04 
1.04 
1.04 
1.04 

1.02 
1.02 
1.02 
1.02 
1.02 

1.02 
1.02 
1.02 
1.02 
1.01 

1.01 
1.00 
1.00 
1.00 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31  . 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1909. 

0.20 

2 

0.10 
.10 
.10 

3 

4 

6.16 

5 

6 

7 

0.90 

"6.' 26' 

.20 

.10 

8 

9 

.10 

10 

.20 

11 

12 

13 

.10 

14. 

.50 

15 

Day. 

July. 

Aug. 

Sept.        Oct. 

Nov. 

1909. 
16. 

0.20 

17 

18 

0.40 

0.10 

19. 

.30 

20 

21 

0.16 

22 

23 

.40 

.10 

24 

25 

.20 

.16 

26 

27 

.40 

::''     :    :; 

.10 

2S.     ... 
29 

.20 





30 

.10 

31. 

.30 
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Daily  dUchargey  in  second-feet ^  of  Elk  Creek  at  mouth,  near  Fraser,  Colo,  j  for  1907-1909, 


Day. 

June, 

July. 

Aug. 

1907. 
1 

26 
26 
27 
27 
28 

27 
27 
27 
30 
33 

26 
24 
22 
22 
19 

19 
22 
24 
24 
24 

4 
4 
2 
2 
12 

2 
1 
1 
2 
2 

2 

3 

4 

6 

6 

7 

8 

9 

10 

Day. 


1907. 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 


June. 

July. 

Aug. 

24 

24 

2 

33 

22 

2 

36 

22 

2 

36 

19 

2 

33 

19 

2 

35 

14 

2 

33 

14 

2 

36 

12 

2 

36 

12 

2 

37 

12 

2 

Day. 


1907. 
21 

37 

22 

28 

23 

27 

24 

27 

25 

33 

26 

30 

27 

33 

28 

26 

29 

26 

30 

26 

31 

June. 


July. 


Aug. 


Day. 


May. 

June. 

July. 

Aug. 

Sept. 

Oct 

4 

24 

12 

6 

25 

12 

6 

25 

12 

7 

7 

26 

12 

8 

27 

12 

11 

28 

12 

12 

29 

12 

11 

31 

12 

10 

34 

12 

9 

35 

12 

8 

35 

12 

8 

38 

12 

8 

39 

7 

7 

42 

9 

6 

8 

47 

9 

6 

Day. 


May.  June. 


July. 


Aug. 


Sept. 


Oct 


1906. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 


1908. 

16  

17 

18 

19 

20 

21 

22 , 

J3 

24 

25 

26 

27 

28 

29 

30 

31 


Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1909. 

1909. 

1 

54 

9 

5 

2 

2 

16 

5 

5 

2 

2 

54 

9 

5 

2 

2 

17 

5 

2.5 

2 

3 

51 

9 

5 

2 

2 

18 

7 

2.5 

2 

4 

51 

7 

5 

2 

2 

19 

9 

2.5 

2 

5 

48 

7 

5 

2 

2 

20 

9 

2.5 

2 

6 

48 

5 

5 

2 

2 

21 

7 

2.5 

2 

7 

44 

5 

5 

2 

2 

22 

5 

2.5 

2 

8 

41 

5 

5 

2 

2 

23 

5 

2.5 

2 

9 

38 

5 

5 

2 

2 

24 

5 

2.5 

2 

10 

35 

5 

5 

2 

2 

25 

5 

2.5 

2 

11 

31 

5 

5 

2 

2 

26 

5 

2.5 

2 

12 

28 

5 

5 

2 

2 

27 

5 

2.5 

2 

13 

24 

5 

5 

2 

/  2 

28 

5 

2.5 

2 

14 

21 

5 

5 

2 

2 

29 

5 

2.5 

2 

15 

21 

5 

5 

2 

30 

5 

2 

2 

31 

5 

2 

Note.— Discharges  Interpolated  for  days  on  which  gage  was  not  read. 
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Monthly  discharge  of  Elk  Oeek  at  mouth,  near  Fraser,  Colo.,  for  1907-1909. 


June 

July.... 
August. 


May 

June 

July 

August 

September. 
Oct.  1-14... 


July 

August 

September. 

October 

Nov.  1-14.. 


Month. 


1909. 


Discharge  in  seoond4eei. 


Maximum.  Minimum, 


Run-off 

(total  in 

Mean.      ««B4Bet). 


16 
2 


11.5 
28.9 
9.1 
47 
1.0 
1.0 


26.0 
5.90 
3.82 
2.0 
2.0 


1,810 
988 
140 


1,720 
560 
280 
60 
28 


227 
123 
56 


ST.  LOUIS   CREEK   AT  UPPER   STATION  NEAR   PHASER,  COLO. 

St.  Louis  Oeek  is  tributary  to  the  Fraser  River  from  the  w^t, 
entering  about  1  mile  below  the  town  of  Fraser. 

The  upper  station  is  about  6  miles  above  the  mouth  of  the  stream 
at  an  elevation  of  approximately  10,000  feet  above  the  sea  level. 
The  drainage  area  is  about  15  square  miles. 

The  location  and  datum  of  the  Lallie  automatic  gage  remained 
constant  while  the  station  was  maintained.  The  station  was  estab- 
lished April  30,  1908,  and  discontinued  November  9,  1909. 

Discharge  measurements  of  St.  Louis  Creek  at  upper  station  near  Fraser,  Colo.,  in  190S- 

1909. 


Date. 


1908. 
Apr.  30 
May     9 

16 
22 
30 
June  3 
11 


Hydn^rapher. 


Stanley  Krajicelc. 

do 

do 


July 


Aug. 
Sept 


Aug. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


22 
3 
16 
30 

8 

an 

6 
6 
20 
Oct.     9 

1909. 
July   14 

17 

22 

31 
7 

16 

19 

28 

Sept.  25    do. 

Oct.    13  , do. 

20    do. 


N.  O' Daniels. 

do 

do 

do 

do 

do 

do 

.do 


Cage 
heid^t. 


Fed. 
0.90 
1.15 
1.20 
1.30 
.90 
l.SO 
2.35 
3,75 
2.20 
1.95 
1.59 
1.40 
1.20 
1.16 
1.25 
1.10 
1.15 

1.45 
1.35 
1.20 
.80 
.65 
.50 
.70 
.55 
.35 
.20 
.20 


Dis- 
charge. 


8er.-ft. 
11.8 
27.0 
28.6 
4ai 
11.9 
64.1 

137 

294 

121 
91.8 
63.2 
42.7 
30.4 
33.2 
35.7 
27.8 
20.5 

134 
122 
103 

62 

50 

40 

54 

43 

30 

23 

23 
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Daily  gage  htighty  in  feet,  of  St.  Louis  Creek  at  upper  station  near  FraseTj  Colo.,  for 

1908-9. 


Day. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Day. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1908. 

1908. 

1 

1.41 

2.43 

1.72 

1.20 

1.08 

16 

2.86 

1.95 

1.33 

1.10  

2 

1.47 

2.34 

l.M 

1.20 

1.05 

17 

2.83 

1.88 

1.36 

1.10 

3 

1.90 

2.17 

1.58 

1.20 

1.06 

18 

2.80 

1.83 

1.40 

1.10 

4 

2.06 

2.27 

1.50 

1.20 

1.06 

19 

2.66 

1.80 

1.37 

1.10 

5 

2.03 

2.23 

1.45 

1.20 

1.04 

20 

2.66 

1.78 

1.46 

1.10 

6 

1.98 

2.19 

1.45 

1.20 

1.03 

21 

2.65 

1.75 

1.46 

1.08 

7 

1.77 

2.14 

1.45 

1.15 

1.02 

22 

2.97 

1.75 

l.« 

1.07 

8 

1.70 

2.10 

1.36 

1.15 

.90 

23 

2.97 

1.77 

1.50 

1.08 

9 

1.72 

2.12 

1.35 

1.15 

1.00 

24 

2.75 

1.71 

1.46 

1.07 

10 

2.05 

2.12 

1.35 

1.15 

1.00 

25 

2.91 

1.65 

1.46 

1.08 

11 

2.05 

2.10 

1.40 

1.15 

1.00 

26 

2.91 

1.66 

1.46 

1.08 

12 

2.12 

2.10 

1.45 

1.15 

1.00 

27 

2.88 

1.66 

1.47 

1.08 



13 

2.97 

2.10 

1.55 

1.20 

.90 

;28 

2.61 

1.60 

1.29 

1.08 

14 

2.79 

2.02 

1.40 

1.1& 

.80 

29 

2.61 

1.29 

1.05  

15 

2.71 

2.02 

1.35 

1.10 

30 

31 

2.35 

1.68 
1.70 

1.24 
1.20 

1.05  1 

i 

Day. 

July. 

Aug. 

Sept. 

0.50 
.50 
.45 
.40 

Oct. 

Nov. 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1909. 
1 

1909. 
16 

0.66 
.80 
.80 
.70 
.60 

.66 
.56 
.66 
.60 
.50 

.50 
.45 
.50 
.50 
.55 
.60 

a46 
.45 

.36 
.36 
.36 
.36 
.35 

.35 
.30 
.30 
.30 

0.20 
.20 
.20 
.10 
.10 

- 

2 

0.30 
.30 
.30 
.30 

0.30 
.20 

17 

18 

19 

20 

21 

22 

23 

1  24 

26 

26 

27 

1.35 
1.35 
1.40 
1.36 

1.36 
1.26 
1.40 
1.40 
1.30 

1.10 

3 

4 

2.60 

6.  . 

6 

7 

1 

8 

::::::::;::::::: 

9 

1.95 

.90 
.40 

.40 
.30 
.20 
.20 
.20 

.36 

i 

10 

.50 

.50 
.60 

11 

.20 

12. 

13 

.50 

28.::..:: 

14 

1.46 

.50 

.50 
.46 

29 

, 

15 

30 

.55 

31 

.80 

1 

Daily  discharge ,  in  second-feet,  of  St.  Louis  Creek  at  upper  station  near  Fraser,  Colo.,  for 

1908-9. 


Day. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Day. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1908. 

1908. 

1 

49 

141 

74 

34 

24 

16 

187 

94 

42 

27 

2 

63 

132 

67 

34 

24 

17 

186 

88 

44 

27 

3 

89 

115 

63 

34 

24 

18 

180 

83 

48 

27 

4 

105 

126 

56 

34 

24 

19 

166 

81 

46 

27 

5 

102 

121 

62 

34 

24 

20 

166 

79 

63 

27 

6 

98 

117 

62 

34 

23 

21 

163 

76 

62 

26 

7 

78 

112 

52 

30 

22 

22 

200 

76 

62 

26 

8.: 

72 

108 

44 

30 

18 

23 

200 

78 

66 

26 

9 

74 

110 

44 

30 

20 

24 

176 

73 

62 

25 

10 

107 

110 

44 

30 

20 

26 

193 

68 

62 

26 

11 

107 

108 

48 

30 

20 

26 

193 

68 

62 

26 

12 

110 

108 

62 

30 

20 

27 

188 

68 

63 

26 

13 

200 

108 

60 

34 

18 

28 

160 

64 

40 

26 

14 

179 

100 

48 

30 

18 

29 

160 

63 

40 

24 

16 

171 

100 

44 

27 

30 

31 

133 

62 
72 

37 
34 

24 
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Daily  diacharge,  in  itecond-feety  of  St.  Louis  Creek  at  upper  station  near  Fraser,  Colo.,  for 

1908-9— Continued . 


Day. 

July. 

Aug, 

Sept 

Oct. 

Nov. 

JuJy. 

Aug. 

Sept. 

Oct. 

Nov. 

1900. 

1   1909. 

1 

264 

54 

40 

28 

28 

16 

129 

43 

36 

23 

2 

254 

54 

40 

38 

28 

17 

122 

62 

36 

23 

3 

242 

46 

36 

28 

28 

18 

122 

62 

36 

23 

4 

232 

43 

33 

28 

26 

19 

129 

54 

33 

18 

5 

221 

43 

40 

28 

25 

20 

122 

46 

33 

18 

6 

212 

43 

33 

33 

23 

21 

122 

43 

30 

21 

7 

202 

43 

33 

40 

26 

22 

110 

43 

30 

23 

8 

194 

40 

33 

54 

28 

23 

129 

43 

30 

28 

9 

182 

40 

33 

71 

30 

24 

129 

46 

30 

28 

10 

174 

40 

•    40 

33 

30 

25 

115 

40 

30 

25 

11 

166 

40 

40 

83 

28 

26 

92 

40 

30 

23 

12 

156 

40 

40 

28 

28 

27 

86 

36 

28 

28 

13 

140 

43 

40 

23 

28 

28 

81 

40 

28 

33 

14 

134 

43 

40 

23 

28 

29 

76 

40 

28 

40 

15 

129 

40 

36 

23 

30 

31 

71 
62 

43 
46 

28 

43 
43 

Note.— Discharge  interpolated  for  days  on  which  gage  was  not  read. 

Monthly  discharge  of  St.  Louis  Creek  at  upper  station  near  Fraser,  Colo.,  for  1908-9. 


Month. 


1906. 

June 

July 

August 

September 

Oct.,  1-14 

1909. 

July 

August 

September 

October 

Nov.  1-14 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean. 


200 
141 
74 
34 
24 


264 
62 
40 
71 
30 


141 
93.8 
50.1 
28.8 
21.4 


148 
44.5 
34.1 
30.4 
27.3 


Run-off 
(total  in 
acTP-feet). 


8,390 
5,770 
3,060 
1,710 
694 


9,100 
2,740 
2,030 
1,870 
758 


ST.   LOUIS   CREEK  AT  LOWER   STATION  NEAR  FRASER,  COLO. 

This  station,  which  was  established  June  3,  1907,  and  discontinued 
November  9,  1909,  is  located  about  1  mile  above  the  mouth  of  the 
stream  at  an  elevation  of  about  8,600  feet  above  sea  level.  The  drain- 
age area  is  about  19  square  miles. 

The  stream  forks  near  its  junction  with  the  JVaser  and  enters  tliat 
stream  in  two  channels.  This  fact  was  overlooked  when  the  station 
was  first  established  in  1907,  and  so  the  discharge  of  a  smaller  channel 
was  not  included  in  the  results  obtained  that  year.  These  have 
not  been  published.  In  the  spring  of  1908  a  new  gage  was  established 
at  a  new  datum  and  shows  the  entire  flow.  The  datum  of  the  gage 
was  changed  on  September  21,  1909.  Data  collected  in  1907  are  not 
published,  as  they  are  not  comparable  with  those  for  1908  and  1909. 
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Discharge  measurements  of  St.  Louis  Creek  at  lower  station  near  Eraser^  Colo.,  iniyo8-9. 


Da 

te. 

6. 

190 

May 

23 

31 

June 

6 

11 

17 

July 

3 

7 

20 

27 

Aug. 

15 

Sept. 

10 
18 
23 

1909.    1 

Jjiiy 

9 

14 

17 

22 

31 

Aug. 

7 

1« 

Sept. 

25 

Oct. 

13 

20 

Uydrographer. 


Stanley  Krajicek . 
do 


.do. 
.do. 
.do. 
•do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


N.  O' Daniels. 

....do 

....do 

...-do 

....do 

....do 

....do 

....do 

...-do 

...do 


hei^t. 

Dis- 
charge. 

Fed. 

Sec.-feet. 

0.42 

52.3 

.68 

81.8 

.73 

97.1 

1.03 

148 

1.03 

148 

.96 

141 

.8 

110 

.61 

73.0 

.50 

51.1 

.37 

41.0 

.20 

30.8 

.23 

25.8 

.20 

24.2 

1.10 

182 

.90 

114 

.80 

94 

.75 

87 

.50 

60 

.45 

55 

.40 

49 

.40 

39 

.25 

33 

.20 

31 

Note.— Gage  heights  for  1909  are  not  ooraparable  with  those  for  1908.    Beginning  Sept.  25, 1909,  the 
gage  datum  was  chsuiged  again. 

Mean  daily  gage  height,  in  feet,  of  St.  Louis  Creek  at  lower  station  near  Fraser,  Colo., 

for  1908-9. 


Day. 

June. 

July. 

Aug. 

Sept. 

Oct 

Day. 

June. 

July. 

1 
Aug. 

Sept.       Oct. 

1908. 

1908. 

1 

1 

0.67 

'    1.40 

0.71 

0.45 

0.15 

16 

1.03 

0.66 

0.48 

0.26    

2 

.68 

1.20 

.77 

.46 

.15 

17 

1.03 

.65 

.48 

.23    

3 

.69 

.96 

.81 

.45 

.15 

18 

1.10 

.64 

.48 

.23    

4 

.70 

.97 

.87 

.45 

.15 

19 

1.18 

.62 

.48 

.23  , 

5 

.71 

.98 

.92 

.45 

.15 

20 

1.25 

.61 

.47 

.22    

6 

.73 

99 

.97 

45 

.15 

21 

1.32 

.60 

.47 

.21  ' 

7 

.79 

1.01 

1.02 

.45 

.15 

22 

1.4 

.58 

.47 

.20    

8 

.85 

.96 

.85 

.46 

.15 

23 

1.4 

.57 

.47 

.20    

9 

.91 

.90 

.66 

.46 

.15 

24 

1.4 

.55 

.47 

.20    

10 

.97 

.85 

.47 

.46 

.15 

25 

1.4 

.54 

.47 

.20  ' 

11 

1.08 

.78 

.47 

.43 

.15 

26 

1.4 

.52 

.47 

.21  1 

12 

1.03 

.72 

.47 

.40 

.15 

;  27 

1.4 

.50 

.46 

.21  1 

13 

1.03 

.71 

.47 

.36 

.15 

,  28 

1.4 

.57 

.46 

.21  , 

14 

1.03 

.60 

.47 

.33 

.15 

29 

1.4 

.61 

.45 

.21  : 

15 

1.03 

.68 
Aug. 

.48 

.30 

30 

31 

1.4 

.67 
.71 

Aug. 

.45 
.45 

.21  , 

1 

Day. 

July. 

Sept. 

Oct. 

Nov. 

1      Day. 

1 

July. 

Sept. 

Oct. 

Nov. 

1909. 

1909. 

1 

0.50 

0.40 

16 

0.40 

2 ' 

0.30 
.30 

0.30 

17. 



3 

18 

19 

0.80 

4:::::*;r: 

.50 

5 

:::::'' -j;  •  •  •; 

0.20 

6 

.40 

.20 

21 

0.40 

7 

.45 

22 

8 

1.10 

23 

24 

.70 

.30 

9 

.50 

.30 

10 

25 

.40 

.40 

11 

26 

.20 

12 

' 

27 

13 1 

.25 

28 

.40 

.35 

14 1 

.40 

29 

15 

.85 



30 

.40 

; ' 

31 

.50 



Note.— Gage  heights  for  1909  are  not  comparable  with  those  for  1908.    Beginning  Sept.  25,  a  new  gage 
datum  used. 
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SURFACE   WATER  SUPPLY,   1909,   PART   IX. 


Daily  dUchargey  in  second-feety  of  St.  Louis  Creek  at  lower  station  near  Frasery  Colo,  y  for 

1908-9. 


Day. 

June. 

July. 

Aug, 

Sept. 

Oct. 

Day. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1908. 

1906. 

1 

.  80 

270 

88 

47 

21 

16 

150 

76 

52 

29 

2 

82 

200 

95 

47 

21 

17 

160 

74 

62 

26 

3 

M 

136 

102 

47 

21 

18 

170 

72 

62 

26 

4 

86 

137 

115 

47 

21 

19 

195 

70 

62 

26  

5 

88 

139 

126 

47 

21 

20 

220 

68 

49 

25  

6 

89 

142 

135 

47 

21 

21 

246 

66 

49 

25 

7 

100 

146 

158 

47 

21 

22 

270 

64 

49 

24 

8 

110 

134 

110 

49 

21 

23 

270 

62 

49 

24 

9 

.  122 

122 

77 

49 

21 

24 

270 

60 

49 

24  1 

10 

140 

no 

61 

49 

21 

25 

270 

68 

49 

24  t 

11 

150 

98 

61 

45 

21 

26 

270 

66 

49 

25  1 

12 

150 

86 

51 

42 

21 

27 

270 

63 

49 

25  

13 

150 

84 

51 

38 

21 

28 

270 

63 

48 

25  

14 

150 

81 

51 

35 

21 

29 

270 

68 

47 

25 

15 

150 

79 

52 

32 

30 

31. 

270 

77 
84 

47 
47 

25 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1909. 

1909. 

1 

250 

60 

49 

35 

36  , 

16 

102 

49 

49 

33 

2 

250 

60 

49 

35 

36 

17 

94 

65 

49 

33 

3 

236 

60 

49 

35 

35 

18 

94 

60 

49 

33 

4 

218 

56 

49 

35 

36 

19 

U 

60 

49 

31 

5 

218 

55 

49 

37 

33 

20 

87 

60 

49 

31 

6 

218 

55 

49 

37 

21 

21 

87 

56 

39 

31 

7 

200 

55 

49 

39 

33  ' 

22 

87 

56 

39 

35 

8 

182 

56 

49 

39 

35 

23 

81 

56 

39 

35 

9 

182 

55 

49 

44 

35 

24 

81 

49 

39 

35 

10 

164 

49 

49 

39 

35 

25 

76 

49 

39 

33 

11 

146 

49 

49 

37 

35 

26 

76 

49 

39 

31 

12 

12S 

49 

49 

35 

35 

27 

70 

49 

39 

33 

13 

114 

49 

49 

33 

35 

28 

70 

49 

37 

35 

14 

114 

49 

49 

33 

35 

29 

64 

49 

37 

37 

15 

102 

49 

49 

33 

30 

64 

49 

37 

39 

31 

60 

49 

39 

Note.— DischarRes  Interpolated  for  days  when  gage  was  not  read. 
Monthly  discharge  of  St.  Ijouis  Creek  at  lower  station  near  FraseTy  Colo,  y  for  1908-9. 


Month. 


Discharge  in  seoond-feet. 


Maximum.   Minimum.      Mean. 


Run-off 
(total  in 
acre-feet). 


1908. 

June 

July 

August 

September 

Oct.  1-14 

1909. 

July 

August 

SeptemlxT 

October 

Nov.  1-H 


270 

270 

158 

49 

21 


260 
60 
49 
44 
35 


176 
97.9 
67.7 
34.9 
21.0 


129 
53.1 
45.5 
35.2 
33.7 


10,500 
6,020 
4,160 
2,090 
583 


7.030 
3,260 
2,710 
2.160 
936 
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NOBTH  RANCH  CREEK  AT  UPPER   STATION   NEAR  ROLLINS  PASS,  COLO. 

This  station,  which  was  established  May  1,  1908,  and  discontinued 
November  9,  1909,  is  located  at  the  foot  of  Rollins  Pass,  Colo.,  at  an 
elevation  of  about  10,000  feet  above- sea  level. 

The  approximate  drainage  area  is  2  square  miles.  Records  of  gage 
height  were  obtained  by  the  means  of  a  Lallie  float  gage,  the  datum 
remaining  constant  during  the  maintenance  of  the  station. 

Discharge  measttrements  of  North  Ranch  Creek  at  upper  station  near  Rollins  PasSj  Colo., 

in  1908-9. 


Date. 

Hydrographer. 

he^t.   1 

Dto- 
charge. 

1906. 
May     8 
17 

St 

N 

anley  Krajicek 

Feet. 

1.54 

1.72 

1.86  1 

1.93  ! 

2.20 

1.74 

1.74 

1.74 

1.68 

1 

.70  1 

.60 

.55 

.55 

.60 

.50 

Sec.'ft. 
2.4 

..do 

7.0 

19 

..do 

12.2 

June    8 

..do 

20.2 

20 

..do 

26.3 

July     7 
19 

do 

8  2 

..do 

8.1 

27 

..do 

9.2 

Aug.  31 

1909. 
July   13 
Aug.    2 

..do 

6.3 

O' Daniels 

10.5 

..do 

6 

6 

..do 

5 

13 

..do 

5 

18 

..do 

6 

Sept.    2 

..do 

4 

Daily  gage  height,  in  feet,  of  North  Ranch  Creek  at  upper  station  near  Rollins  Pass, 

Colo.,  for  1908-9. 


Day. 

May. 

1.54 
1.54 
1.54 
1.55 
1.56 

1.57 
1.68 
1.50 
1.60 
1.56 

1.64 
1.64 
1.54 
1.54 
1.64 

June. 

1.64 
1.79 
1.84 
1.84 
1.86 

1.94 
1.84 
1.74 
1.94 
1.84 

1.86 
1.84 
1.84 
1.94 

July. 

Aug. 

Sept. 

Oct. 



1.50 
1.50 
1.50 
1.50 
1.50 

1.51 
1.51 
1.51 
1.51 
1.51 

1.51 
1.51 
1.51 
1.51 

Day. 

1908. 
U\ 

May. 

June. 

1.89 
1.86 
1.86 
1.86 
1.84 

1.85 
1.85 
1.85 
1.86 
1.86 

1.86 
1.87 
1.87 
1.87 
1.87 

July. 

Aug. 

Sept.    Oct. 

1908. 
1 

1.87 
1.82 
1.77 
1.72 
1.67 

1.62 
1.50 
1.60 
1.50 
1.50 

1.50 
1.50 
1.50 
1.50 
1.50 

1.50 
1.50 
1.50 
1.50 
1.50 

1.50 
1.50 
1.50 
1.50 
1.50 

1.60 
1.50 
1.50 
1..50 
1.50 

1.50 
1.50 
1.50 
1.50 
1.50 

1.60 
1.50 
1.50 
1.50 
1.60 

1.50 
1.6C 
1.5t 
1.60 
1.50 

1.54 
1.60 
1.60 
1.70 
1.66 

1.84 
1.82 
1.74 
1.74 
1.74 

1.74 
1.69 
1.69 
1.71 
1.74 
1.78 

1.50 
1.50 
1.50 
1.50 
1.60 

1.50 
1.50 
1.50 
1.50 
1.50 

1.60 
1.50 
1.50 
1.50 
1.50 
1.60 

1.50 
1.50 
1.50 
1.50 
1.50 

1.50 
1.51 
1.51 
1.51 
1.51 

1.60 
1.50 
1.60 
1.60 
1.60 
1.60 

1.50  1   

2 

17 

1.50 

3 

18 

1.50 

4 

19     .. 

1  60  1 

5 

20 

1.50  i          ! 

6 

21 

1.50         ... 

7 

22.. 

1  56 

8 

23 

1.50  ' 

9 

24 

1.50  1     

10 

26 

1.60 

11 

26 

^J 

12 

27 

1  49 

13 

28     .. 

1.49  1 

1.49 

14 

29 

15......   .. 

1  30 

1  49 

31 

1 
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SURFACE   WATER  SUPPLY,  1909,   PART   IX. 


Daily  gage  height ^  hi  feet,  of  North  Ranch  Creek  at  upper  station  near  Rollins  Pass, 
Colo. ,  for  /yo«v-<^— Continued . 


Day. 

July. 

Aug. 

Sept, 

Oct. 

Nov. 

Day. 

July. 

Aug. 

Sept. 

.60 
.60 

Oct.       Nov. 

1000. 
1 

0.50 
.50 
.50 
.60 
.60 

.55 

.60 
.00 
.60 
.60 

60 
.60 
.60 
.60 
.60 

0.60 
.60 
.55 
.55 
.55 

.65 

.55 
.50 

1 

1000. 

16 

17 

18 

19 

20 

21 

.66 
.65 
.65 
.66 
.60 

.00 
.60 

.55 
.60 
.60 
.70 
.55 

.56 

.60 
.60 
.60 
.60 

.66 
.56 
.56 
.55 
.55 
.50 

2 

.60 
.65 
.60 
.55 

.55 
.55 
.55 
.55 
.60 

.00 
.60 
.55 
.55 
.65 

.  .     1 

3 

1 

4 

.40 

6 

.60 

.60 
.60 
.60 

6. 

7 

1 

22 

23..     .. 

8 

.90 
.90 
.90 

.85 
.85 
.70 
.70 
.70 

.40  I 

9        .   . 

24 

.60 
.60 

10 

.      '1  2.V              i_ 

.An 

11 

26 

.60   

12. 

.50 

27 

.60 

13 

1 

28 

.60    

14- 

] 

29 

.60    

15 

30 

.60 

31 

'               1 

Daily  discharge^  in  second-feM^  of  North  Ranch  (^reeh  at  upper  station  near  Rollins  PasSj 

Colo.,  for  1908-9. 


Day. 

May. 

1. 

1908. 

3 
3 
3 
3 
3 

4 
4 
4 
4 
*     3 

3 
3 
3 
3 
3 

2 

3 

4 

5.    . 

fi 

7 

H 

9 

10... 

11 

12 

13 

14 

15 

June.  July 


Day. 

July. 

1909. 

1 

52 

2 

52 

3 

52 

4 

46 

5 

46 

6 

46 

7 

37 

8 

37 

9 

37 

10 

37 

11 

27 

12 

27 

13 

10.6 

14 

10.5 

16 

10.5 

Aug. 


Aug. 

Sept. 

Oct. 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1        2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Sept. 


Oct. 


Nov. 


2 
2 
2 

2  ( 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1908. 
16  .    . 

5 
7 

7 
7 
6 

12 
11 
9 
9 
9 

9 

7 
7 
8 
9 
10 

14 
13 
13 
13 
12 

13 
13 
13 
13 
13 

13 
13 
13 
13 
13 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 

17 

18 

19 

20 

21 

22 

'23 

24 

25 

20 

27 

2    .... 

28 

2  i 

29 

2 
2 

30 

31 

1 

Day. 


1909. 
16. . . . 
17... 

18.... 
19.... 
20. . . . 

21.... 
22.... 
23... 
24.... 
2.5. .. . 

20. . . . 
27.... 
28.... 
29.... 
30. . . . 
31.... 


July. 


Aug. 


5 
6 
6 

10.5 
5 

5 
6 
6 
6 
6 

6 
6 
6 
5 
5 
4 


Sept. 


Oct.    ,   Nov. 


Note.— Discharges  estimated  for  days  in  which  gage  was  not  read. 
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Monthly  discharge  of  North  Ranch  Creek  at  upper  station  near  Rollins  PasSj  Colo.,  for 

1908-9. 


Month. 


Discharge  in  second-feet. 

Maximum. 

Minimum. 

Mean. 

12 

3 

5.8 

16 

5 

12.7 

4 

2 

2.4 

2 

2 

2.0 

2 

2 

2.0 

2 

2 

2.0 

52 

6 

20.4 

10.5 

4 

6.6 

6 

4 

5.6 

6 

4 

4.3 

2 

2 

2.0 

Run-off 
(total  in 
acre-feet). 


1908. 

May 

June 

July 

August 

September 

Oct.  1-14 

1909. 

July 

August 

September 

October 

November 


357 
756 
148 
1^ 
119 
56 


1.250 

333 
264 
56 


NORTH  RANCH  CREEK   AT  LOWER  STATION  NEAR  ROLLINS  PASS,   COLO. 

This  station,  which  was  established  June  3,  1907,  and  discontinued 
November  9,  1909,  is  located  near  Rollins  Pass,  about  4  miles  below 
the  upper  station,  and  just  above  its  junction  with  Middle  Ranch 
Creek.     The  drainage  area  is  about  5  square  miles. 

The  datum  of  the  rod  gage  remained  constant  during  the  main- 
tenance of  the  station. 


Discharge  measwreinents  of  North  Ranch  Creek  at  lower  station  near  Rollins  Pass,  Colo., 

in  1907-9. 


Date. 

Hydrographer. 

Oago 
height. 

Dis- 
charge. 

1907. 
June    4 

0.  M.  Bull 

Feet. 
0.80 
1.15 
1.80 
1.95 
1.70 
1.15 
.45 
.20 
.10 

1.30 
1.75 
1.57 
1.33 
1.00 
1.77 
.81 

1.40 
1.00 
.40 
.30 
.30 

Sec.-ft. 
23.3 

9 

do 

38. 

14 

do 

76. 

26 

do 

92. 

mj^l 

do 

75. 

do 

43. 

Aug.  ^6 

do 

12. 

do 

8.2 

20 

do 

4.8 

1908. 
May  17 

Jnne    8 

Stanley  Krajicek 

8.4 

do 

30.6 

July     4 
11 

do 

20.9 

..  .do 

15.1 

Aug.  12 
31 

do 

8.0 

do .        .              

5.0 

Sept.  29 

1909. 
July     8 
13 

do 

4.1 

N.  d'Daniels 

58. 

....do..                                                .            

89. 

Aug.    2 

do 

13. 

.do...                                                         

10. 

13 

do 

la 
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SURFACE   WATER   SUPPLY,   1909,   PART   IX. 


Daily  gage  height y  in  JeHy  of  North  Ranch  Crefhat  louer  station  near  Rollins  Pass,  Colo., 

for  J9()7-19()9. 


Day. 

.June. 

July. 

Aug. 

Day. 

June. 

July. 

Aug. 

i 

Day. 

June.  July. 

Aug. 

1907. 
1 

j 

0.55 

1 
11.. 
12.. 
13.. 
14. 
15.. 

.a. 

!J:: 

19.. 
1  20.. 

1 

1907. 

1.15 

1 
^l  21.. 

.1  22.. 
'  23.. 

24.. 

25.. 

26.. 
27.. 
28.. 
29.. 
30.. 
,  31.. 

1907. 

1.7     

2 

1.1 

0.2 
.2 

1.8     

3 

..    0.8 
.8 

1.7 

.5 

. 

4.      ... 

1.8 
1.8 

1.15 

5. 

1  fi 

.45 

6. 

1 

1.95   ' 

7    .  .  .  . 

.4 

1.7 

8. 

..    1.15 
1.15 

.95 

1.7     ' 

9 

13 

'".3 

1.8 

10 

..    1.16  ;  1.2 

1 

.8 

.1 

! 

Day. 

May 

.  June. 

July. 

Aug. 

a95 

.96 

Sept. 

Oct. 

aso 

.79 

•™ 

.78 
.78 
.  77 
.76 
.76 

.75 
.76 
.75 
.75 

Day. 

May 

[june. 

July. !  Aug. 

Sept.    Oct. 

1908. 

1 

2 

1.10 
1.10 

1.65 
1.80  t 

1.57 
1.57 

0.77 
.77 
.77 
.77 
.77 

.77 
.77 
.77 
.77 
.77 

.77 
.77 
.77 

.n 

.77 

1908. 
16 

17....... 

...    1.20 
...    1.30 

1.95 
1.93 
1.91 
1.89 
1.87 

1    KS 

1.21  '  0.82 
1.15       .75 
1.09  1    .76 
1.00  1    .75 
1.00       .75 

1.00       .75 
1.00       .75 
1.00       .75 
1.00       .75 
1.00       .76 

1.00  '    .76 
1.00       .76 
.99       .77 
.97       .77 
.96  ,     .77 
.95       .77 

0.77    

.77      . 

3 

4 

1.10     1.85  < 
1.10     1.87  ' 

1.57       .96 
1.57       .97 
1.55       .97 

1.53       .98 
1.51       .99 
1.49       .99 
1.47     1.00 
1.40  ;  1.00 

1.33  '  1.00 
1.33  .  1.00 
1.33     1.00 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

...    1.30 
...    1.30 
...    1.30 

1.30 

.77  ; 

.77 

5 

1.10     1.87 

1.10     1.95 
1.10     1.85 
1.10     1.75 
1.10     1.85  1 
1.10     1.95 

1.10  !  2.05  1 
1.10     2.03 
1. 10     2.01 
1.10     1.99 
1.15  •  1.97 

i 

.77 

6 

.77 

7 

...    1.30  ,  1.83 
...    1.30  ;  1.81 
...    1.31  i  1.79 
...    1.33  1  1.77 

...    1.34  !  1.75 
...    1.36  '  1.70 
...    1.38  1  1.66 
...    1.40     1.62 
...    1.43     1.57 
...    1.45    

8 

.78 

9 

.78 

10 

.78 

11 

12 

.79    

.79 

13 

80 

14 

1.33 
1.27 

1.00 
.84 

.80 

15 

.81 

1 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Day. 

July. 

AUR. 

Sept. 

Oct. 

Nov. 

1909. 
1 

1909. 
16 

2 

0.40 

0.30 

17 

3.. .:.:.!. .:...:. 

0.30 

1  18 

0.35 

4 

0.10 

'  19 

5 

!  20 

::::::::::::::: 

6 

.30 

j 

!  21 

.40 

7 

.40 

,  22 

8 

.10 

23. 

.35 

0.35 

9 

'  24 

10 

.30 

25 

a20 

26 

.30 

12 

.25 

1  27 

.30 

13 

.30 

1  28 

14 

1.00 

1 

1  29 

:::::,: 

15 ' 

'  :S;           '  1 

.25 

.30 

:n 

1 

0.40 

1 
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Daily  dischargCy  in  second-feet^  of  North  Ranch  Creek  at  lower  station  near  Rollins  PasSy 

Colo.  Jor  1907-1909. 


Day. 

June 
21 

July. 

Aug 

J 

Day. 

June. 

July. 

Aug. 

2 

2 
2 
2 
2 

2 

2 

I 

3 

Day. 

June. 

75 
75 
76 
81 
86 

92 
84 
•  75 
75 
75 

July. 

22 
22 
21 
21 
20 

20 
19 
19 
18 
18 
17 

Aug. 

1907. 
1 

75 

1 

11. 
12. 
13 
14. 

15. 

16. 
17. 
18 
19 
20 

1907. 

38 
51 
64 
76 
76 

76 
75 
75 
76 
76 

40 
36 
39 
43 
39 

36 

9 

8 
8 
8 
8 

7 

4 

2 

22  1   75 

23  '   75 
23  ■   67 
27  .   58 

31    55 
35    52 
38  '   49 
38    47 
38    43 

15 
14 
13 
12 

12 
11 

11  1 
10  1 
10 

2 

4 

3 

3 

4 

4 

4 

3 

5 

5 

6 

7 , 

8 

9 

0 

1 

3 

6 

3 

7    

33     7 

3 

8 

30 
27 
23 

6 
5 
5 

2 

9 

2 

10   ... 

2 

2 



Day. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

6 
5 
5 
5 
5 

5 
5 
6 
4 
4 

4 
4 
4 
4 

Day. 

May. 

June. 

July. 

Aug. 

5 
5 
5 

Sept 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

Ocl. 

1908. 
1 

10 
10 
10 
10 
10 

10 

25 
31 
33 
33 
34 

37 
33 
29 
33 
37 

42 
41 
40 
39 
38 

23 
23 
23 
23 
22 

22 
21 
20 
19 
18 

16 
16 
16 
16 
14 

7 
7 
7 
8 
8 

8 
8 
,  8 
8 
8 

8 
8 
8 
8 
6 

5 
5 
5 
5 
5 

5 
6 
5 
5 
5 

5 
5 
5 
5 
5 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

12 
15 
15 
15 
15 

15 
15 
15 
15 
16 

16 
17 
17 
18 
18 
19 

37 
36 
35 
35 
34 

33 
32 
31 
31 
30 

29 
27 
26 
24 
22 

12 
11 
11 
8 
8 

8 
8 

8 
8 
8 

8 
8 

8 
8 

7 
7 

2 

3 

4 

5 

6 

7 ' 

10 

8 

10 
10 
10 

10 
10 
10 
10 

11 

9  

10 



11 

12 

13 

14 

15 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Day. 

1909. 

1 

73 

13 

10 

10 

5.5 

16 

2 

70.5 

13 

10 

10 

5.5 

17 

3 

68 

11.5 

10 

10 

5.5 

18 

4 

65.5 

11.5 

11.5 

10 

5.5 

19 

5 

63 

10 

11.5 

10 

6.5 

20 

6 

63 

10 

13 

10 

5.5 

21 

7 

60.5 

10 

13 

10 

6.5 

22 

8 

58 

10 

11.5 

10 

5.5 

23 

9 

58 

10 

10 

10 

5.5 

24 

10 

53.5 

10 

10 

9 

6.5 

25 

11 

48.5 

10 

10 

9 

5.5 

26 

12 

43.5 

10 

10 

9 

6.5 

27 

13 

39 

10 

10 

9 

5.5 

28 

14 

39 

.  10 

10 

9 

5.5 

29 

15 

34 

10 

10 

9 

30..... 

31 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

34 

10 

10 

9 

29.5 

11.5 

10 

9 

29.5 

11.5 

10 

9 

25 

11.5 

10 

9 

25. 

13 

11.5 

9 

20.5 

13 

l«.5 

9 

20.5 

13 

11.5 

9 

16.5 

11.6 

11.5 

9 

16.5 

11.5 

11.5 

7.5 

16.5 

10 

11.5 

7.5 

13 

10 

10 

7.5 

13 

10 

10 

7.5 

13 

10 

10 

7.5 

13 

10 

10 

7.5 

13 

9 

10 

7.5 

13 

9 

7.5 

NoTK.— Discharges  estiniate<l  for  days  on  which  gage  height  was  not  read. 
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SURFACE   WATER  SUPPLY,  1909,  PART  IX. 


Monthly  discharge  of  \orth  Ranch  Creek  at  lower  station  near  Rollins  PasSy  Colo.^  for 

1907-1909, 


Month. 


1907. 

June 

July 

August 

1908. 

May 

June 

July 

August 

September 

Oct.  1-14. 

1909. 

July 

August 

September 

October 

Nov.  1-14 


Discharge  in  second-feet. 


Maximum.    Minimum.      Mean. 


92 

21 

75 

17 

16 

2 

19 

10 

42 

22 

23 

7 

8 

4 

5 

6 

5 

4 

73 

13 

13 

9 

13 

10 

10 

7.5  1 

5.5 

5  5 

59 
37 


13.0 
32.9 
13.8 

ao 

5.0 
4.6 


37.0 
10.8 
10.6 
8.9 
5.5 


Run-off 
(total  in 
acre-feet). 


3,550 

2,320 

454 


790 

1,960 

848 

360 


128 


2,280 
664 
631 
.547 
153 


MIDDLE    RANCH  CREEK   AT   UPPER   STATION  NEAR  ARROW,  COLO. 

This  station,  which  was  established  May  1,  1908,  and  discontinueil 
November  8,  1909,  is  located  3  miles  from  Arrow,  on  the  Colonial 
Wagon  Road,  at  an  elevation  of  about  10,000  feet  above  sea  level. 
Its  drainage  area  is  about  2  J  square  miles,  and  there  are  no  tributaries 
above,  which  could  be  designated. 

The  location  and  datum  of  the  LalUe  automatic  gage  remained  the 
same  while  the  statitm  was  maintained. 

Discharge  measurements  of  Middle  Ranch  Creek  at  upper  station  near  Arrow j  Colo.,  in 

1908-1909. 


Date. 


llydrographer. 


1908.     I 
May     7  '  Stanley  Krajicek. 

19  ....do 

2fi    do 

June  15   do 

20    do 

July     7  ' do 

21  , do 

Aug.  31    do 

Sept.  22    do 


1909. 

July   19 

Aug.    2 

6 

13 

18 


N.  0' Daniels. 


.do. 
.do. 
.do. 
.do. 


Gage 
height. 


Ftet. 
0.73 
1.03 
.93 
1.93 
1.10 
.88 
.78 
.50 
.55 


.60 
.55 
.50 
^56 


Dis- 
cbarge, 


Sec.-fU 
Z6 
12.8 
0.4 

4ao 

22.0 

10.9 

3.7 

.4 

.8 


9.5 
6.5 
5.6 
5.0 
5.5 
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Daily  gage  height^  in  feety  of  Middle  Ranch  Creek  at  upper  station  near  ArroWy  Colo., 

for  1908-9. 


June. 

July. 

Aug. 

Sept. 

1.01 

0.96 

0.81 

0.54 

1.02 

.95 

.81 

.54 

1.03 

.95 

.81 

.54 

1.14 

.95 

.81 

.54 

1.14 

.95 

.81 

.54 

1.14 

.93 

.81 

.54 

1.13 

.93 

.81 

.54 

1.19 

.a5 

.81 

.54 

1.14 

.85 

.81 

.54 

1.14 

.85 

.81 

.54 

1.16 

.85 

.81 

.54 

1.22 

.85 

.81 

.55 

1.23 

.85 

.81 

.55 

1.24 

.85 

.81 

.55 

1.20 

.85 

.81 

.53 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1909. 
1 

0.50 
.50 
.50 
.50 
.50 

.55 
.55 
.55 
.55 
.55 

.55 

0.60 
.<>0 
.55 
.55 
.55 

.55 
.55 
.55 
.55 
.56 

.55 
.55 
.5.5 
..55 
.55 

2 

3 



.tiO 

4 

.60 
.55 

.55 
.55 

0-60 

5 

.(M) 

6 

7 

8 

.60 

9 

10 

12 

1 

13 

.50 

.. 

14.     .     . 

15 

.50 

May. 

June. 

July. 

Aug. 

0.91 

1.20 

0.85 

0.81 

.93 

1.20 

.85 

.81 

.95 

1.20 

.85 

.83 

.98 

1.20 

.85 

.83 

1.13 

1.20 

.85 

.83 

.96 

.95 

.74 

.83 

.99 

.95 

.74 

.83 

.93 

.96 

.74 

.83 

.93 

.95 

.74 

.78 

.93 

.95 

.74 

.68 

.93 

.95 

.74 

.65 

.93 

.95 

.7C 

.63 

.88 

.95 

.81 

.60 

.88 

.95 

.81 

.58 

.88 

.95 

.81 

.58 

1.01 

.81 

.58 

0.53 
.52 
.52 
.51 
.51 

.50 
.51 
.51 
.51 
.52 

.52 
.53 
.53 
.54 
.54 


Oct. 


Day. 

July. 

1909. 
Hi 

17 

\H 

19 

20 

0.70 
.70 

21 

22 

23 

24 

'25 

.70 
.65 
.6.5 
.70 
.05 

26 

27 

28 

.60 
.60 

29 

30 

31.     .   .. 

Aug. 

Sept. 

Oct. 

Nov. 

0.50 

0.55 

.50 

.55 

.55 

..55 

.60 

.55 

.60 

6.55 

.55 



.(K) 

.55 

.55 

.55 

..55 

.55 

.55 

.55 

.55 

.60 
.60 

.50 

.60 

.50 

.60 
.60 
.60 

.50 

.50 

.50 

Daily  dm-hargey  in  second-feet j  of  Middle  Ranch  Creek  at  upper  station  near  Arrow y  Colo.y 

for  1908-9. 


Day. 

May. 

3 
3 
3 
3 
3 

3 
3 
3 
3 
4 

5 
5 

6 
7 

7 

June. 

13 
14 
15 
24 
24 

24 
24 
24 
24 

27 

34 
34 
37 
31 
31 

July. 

Aug. 

5 
5 
5 
5 
5 

5 
5 
5 
6 
5 

5 
5 
5 
5 
5 

Sept. 

Oct. 

Day. 

1908. 
16 

May. 

8 
9 
10 
10 
23 

10 
10 
9 
9 
9 

9 
9 

7 
7 
7 
13 

June. 

31 
31 
31 
31 
31 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

July. 
6 

r> 

6 
6 
6 

3 
3 
3 
3 
3 

3 
3 
5 
5 
5 
5 

Aug. 

5 
5 
5 
5 
5 

5 
6 
5 
4 
2 

2 

1 
1 
1 
1 

1 

Sept. 

Oct. 

1908. 
1 

10 
10 
10 
10 
10 

9 
9 
6 
6 
6 

6 
6 
6 
6 
6 

1 

2 

17..    . 

3 

18 

4 

19.    .. 

5 

20 

6 

21 

7 

22..    . 

8 

23 

9 

24 

10 

25 

11 

26 

12 

27.      . 

13 

28 

14 

29   .    . 

15 

.30 

31 
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SURFACE   WATER  SUPPLY,   1909,   PART  IX. 


Daily  dischargey  in  second-feet j  of  Middle  Ranch  ('reek  at  upper  station  near  Arrow,  Colo,^ 

for  1908-9— Continued. 


Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1900. 

1909. 

1 

25.0 

6.5 

5.0 

6.5 

6.6 

16 

11.0 

5.0 

5.5 

5.5 

2 

25.0 

6,5 

5.0 

6.6 

6.6 

17 

10.5 

6.0 

6.5 

5.5 

3 

22.5 

6.5 

6.0 

5.5 

6.6 

18 

10.0 

5.5 

6.6 

6.6 

4 

22.5 

6.5 

5.0 

6.5 

6.6 

19 

9.6 

6.6 

5.5 

6.6 

6 

22.5 

5.5 

5.0 

5.6 

6.6 

20 

9.6 

6.6 

6.5 

6.6 

6 

21.0 

5.5 

5.5 

5.6 

6.5 

21 

9.6 

6.6 

6.6 

6.5 

7 

21.0 

5.5 

5.5 

5.5 

6.6 

22 

7.5 

6.6 

6.5 

6.6 

8 

21.0 

5.5 

5.5 

5.5 

6.6 

23 

7.6 

6.6 

5.6 

6.6 

9 

19.0 

5.5 

5.5 

5.5 

6.5 

24 

9.6 

6.5 

5.6 

6.6 

10 

17.0 

5.5 

6.5 

5.5 

6.5 

26 

7.5 

5.5 

5.5 

6.5 

11 

16.0 

5.5 

5.5 

5.6 

6.6 

26 

6.6 

5.6 

6.6 

6.5 

12 

15.0 

5.0 

5.5 

5.6 

6.5 

27 

6.6 

5.0 

6.5 

6.5 

13 

13.6 

5.0 

5.5 

5.6 

6.6 

28 

6.5 

5.0 

6.6 

6.5 

14 

13.5 

5.0 

5.5 

5.6 

6.6 

29 

6.6 

5.0 

6.6 

6,6 

15 

12.5 

5.0 

5.5 

5.5 

30 

6.5 

5.0 

6.6 

6.6 

31 

6.5 

5.0 

6.5 

Note.— Discharges  estimated  for  dajrs  on  which  gage  height  was  not  read. 
Monthly  discharge  of  Middle  Ranch  Creek  at  upper  station  near  Arrow,  Colo.,  for  1908-9. 


Month. 


1908. 

May 

June 

July 

August 

September 

October  1-14 

1009. 

July 

August 

September 

October 

November  1-14 


Discharge  In  second-feet. 


Maximum.   Minimum. 


23 

37 

10 

5 

1 

1 


25.0 
6.5 
6.5 
6.5 
6.5 


Run^>ff 
(totalln 
acre-feet). 


MIDDLE    RANCH   CREEK   AT  LOWER   STATION  NEAR   ARROW,  COLO. 

This  station  which  was  estabUshed  June  4,  1907,  and  discontinued 
November  8,  1909,  is  situated  about  3  miles  below  the  upper  station 
and  just  above  the  junction  of  the  stream  with  North  Ranch  CVeek. 
The  drainage  area  is  about  3^  square  miles. 

The  datum  and  location  of  the  rod  gage  remained  constant  while 
station  was  being  maintained. 
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Discharge  measurements  of  Middle  Ranch  Creek  at  lower  station  near  Arrow,  Colo.y  in 

1907-1909. 


Date. 

Ilydrographer. 

Gage. 

Dis- 
charge. 

1907. 
Jane    4 

G.  M.  Bull 

Feet. 
1.35 
1.60 
2.00 
1.50 
1.00 
1.00 
.95 
.90 

1.40 
1.65 
1.16 
1.05 
1.00 
.90 
.97 

1.40 
.95 
.90 
.90 

See.  ft. 
18.5 

9 

do 

32 

14 

do 

64 

July  10 

do 

23 

Aug.    1 

...  .do 

6.6 

.do       

6.1 

13 

do 

4.3 

20 

.do       

3.6 

1908. 
June    8 

Stanley  Krajicek 

27.3 

12 

...do 

33.7 

July     4 

do 

13.2 

.do    

9.8 

27 

do 

6.4 

Aug.  12 
Sept.  29 

1909. 
July  13 
Aug.    2 

do          

5.3 

do 

5.7 

V.  n'n^iniPis                              

20 

.do        

9 

do 

8 

13 

.do    

8 

Daily  gage  height,  in  feet,  of  Middle  Ranch  Creek  at  lower  station  near  Arrow,  Colo.,  for 

1907-1909. 


Day. 

June.  July. 

Aug. 
1.00 

Day. 

June. 

July. 

Aug. 

Day. 

June.  July. 

Aug. 

1907. 
1 

1           i 

1907. 
11 

1.65 

1907. 
21 

1.85     ... 

i:::'  :::::j::::::i:::::: 

12 

1.40 

0.96 

22 

{'.95'  '.'.'.'.'.. 

2.00 

3 

.J  1.41     1.86 
.      1.35    

1.00 

13 

.95      23 

'  24 

4    . 

14 

2.00  ;  1.40 

5 

.J 1.70 

1.00 

16 

2.00 

25 

26 

27 

28 

29 

.-^O-  .- 

6 

16 

7 

1.00 

17 

1.90 

i.85      .//.. 

8 

..    1.65    

18 

1.20 

1 

9    . 

..    1.60     1.55 
..    1.60      1.50 

'".'95 

19 

1.96 

10 

20 

1.16 

.90 

! 

'  31 

Day. 

May. 

June. 

1.40 
1.40 
1.40 
1.40 
1.40 

1.40 
1.40 
1.40 
1.40 
1.40 

1.40 
1.40 
1.66 
1.64 
1.62 

July. 

Aug. 

0.98 
.97 
.96 
.96 
.96 

.94 
.93 
.92 
.92 
.91 

.91 
.90 
.90 
.90 
.90 

Sept 

1908. 

1.20 
1.20 
1.20 
1.20 
1.20 

1.20 
1.20 
1.20 
1.20 
1.20 

1.20 
1.20 
1.20 
1.20 
1.20 

1.36 
1.32 
1.24 
1.16 
1.14 

1.12 
1.10 
1.07 
1.06 
1.05 

1.05 
1.05 
1.06 
1.05 
1.05 

0.70 
.70 
.70 
.70 
.70 

.70 
.70 
.70 
.70 
.70 

.70 
.70 
.70 
.70 
.70 

2 

3 

4 

5 

6 

7 

8 :... 

9 

10 

11 

12 

13 

14. 

15 

0.60 
.60 
.60 
.60 
.60 


Day. 


1908. 


.  60  1  21 . 
.60  ,  22. 
.60  I  23. 
.fiO  '  24. 
.00      26. 


May. 

June. 

July. 

Aug. 

1.20 

1.60 

1.05 

0.90 

1.20 

1.58 

1.05 

.90 

1  20 

1.56 

1.05 

.90 

1.20 

1.54 

1.05 

.90 

1.20 

1.52 

1.06 

.90 

1.20 

1.50 

1.05 

.90 

1.20 

1.48 

1.06 

.86 

1.20 

1.46 

1.05 

.82 

1  18 

1.44 

1.05 

.78 

1.16 

1.40 

1.05 

.74 

1.13 

1.40 

1.05 

.70 

1.11 

1.40 

1.00 

.70 

1.09 

1.40 

.99 

.70 

1.06 

1.40 

.99 

.70 

1.03 

1.39 

.98 

.70 

1.01 

.98 

.70 

0.70 
.70 
.70 
.70 
.70 


.66 
.63 
.61 
.58 

.56 
.54 
.52 
.50 
.50 


95620°— wsp  269—11- 


-10 
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SURFACE   WATER  SUPPLY,  1909,  PART  IX. 


Daily  gage  height ,  in  feet,  of  Middle  Rancfi  Creek  at  lower  station  near  Arrow,  Colo.,  for 

1907-1909— Continued . 


D.y. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Nor. 

1909. 
1 

1909. 
16 

2 

a»6 

0.90 

17 

3 

1 

18 

0.90 

4 

0.95 

19 

5 

1 

20 

6 

.90 

21 

.90 

7 

.90 

22 

1     '"     ' 

8 

1.66 

1.10 

23 

.90 

1.00 

9 

.90 

24 

10 

26 

0.96 

11 

26 

.90 

12 

0.90 

27 

1.00 



13 

1.40 

.90 

28 

I 

14 

29     . 

15 

30 

.90           .95 

1 

i 

31 

1 

1 

Daily  disdutrge,  in  second-feet,  of  Middle  Ranch  Creek  at  lower  station  near  Arrow,  Colo., 

for  1907-1909, 


1907. 

1 

2 

3 

4. 

5 

6 

7 

8 

9 

10 


Day. 


Day. 


19 

20 

21 

18.5 

22 


26  35 

30  ;      33 

;  35  31 

I  32  I      28 

:  32  ,      23 


66 

1907. 
11 

7 

12 

7      1 

13 

7      1 

14 

6  1 

15 

7 

16 

7 

17 

6 

18 

5 

19 

4 

20, 

July.  1  Aug. 


Day. 


1908. 

1 

2 

3 

4 

5 

0 

7 

8 

9 

10 

11 

12 

13 

14 

15 


May. 


June. 


July. 


Au,. 

Sept. 

Oct. 

7 

2.5 

17 

6 

2.5 

1  7 

6 

2.5 

1.7 

6 

2.5 

1.7 

6 

2.5 

1.7 

C 

2.5 

1.7 

6 

2.5 

1.7 

5 

2.5 

1.7  ' 

5 

2.5 

1.7 

5 

2.5 

1.7 

5 

2.5 

1.7 

5 

2.5 

1.7 

5 

2.5 

1.7 

5 

2.5 

1.7 

5 

2.5 

22 
20 
20 
20 
18 

16 
14 
13 
13  1 
12  I 


4 
4 

4.3 

4 

4 

4 

4 

4 
4 
3.6 


Day. 


21.. 
22.. 
23.. 
24.. 
25.. 

26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


1907. 


1908. 

16 

17 

IH 

19 

20 

21 

22 

23 

24 

25 

26 

27 

2S 

29 

;{0 

31 


May. 

June. 

12 

32 

12 

31 

12 

30 

12 

29 

12 

27 

12 

26 

12 

26 

12 

25 

12 

25 

11 

21 

10 

21 

10 

21 

q 

21 

H 

21 

H 

20 

1 

1 

July. 


June. 


July.  I  Aug. 


12 
11 
11 
10 
10 

9l 

9  ' 

8 

8 

7 

7 


Aug. 

Sept. 

2.5 
2.5 
2.5 
2.5 
2.5 

2.4 
2.2 
.  2.0 
1.8 
1.6 

1.4 
1.3 
1.1 
1.1 
1.1 

Oct. 

5 
5 
5 
5 
6 

5 
5 
4 
3 
3 

2 
2 
2 
2 
2 
2 
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Daily  discharge^  in  9econd'feety  of  Middle  Ranch  Creek  at  lower  atation  near  Arrow y  Colo.^ 
for  1907-1909— Continued. 


Dmy. 

Jalj. 

Aug. 

Sept. 

Oct. 

Nov. 

Day. 

July. 

A»18- 

Sept. 

Oct. 

Nov. 

1909. 

1909. 

1 

31.5 

9 

8 

9 

16 

17.5 

8 

8 

8 

2 

31.5 

9 

8 

9 

17 

16 

8 

8 

8 

3 

30 

9 

8 

9 

18 

14.5 

8 

8 

9 

4 

30 

9 

8 

9 

19 

13 

8 

9 

9 

6 

30 

8 

8 

10 

20 

13 

8 

9 

9 

6 

28.5 

8 

S 

10 

21 

13 

8 

9 

9 

7 

28.5 

8 

8 

12 

22 

11 

8 

9 

9 

8 

28.5 

8 

8 

12 

23 

11 

8 

10 

9 

9 

26.5 

8 

8 

8 

12 

24 

12 

8 

10 

9 

10 

25 

8 

8 

8 

12 

25 

11 

8 

10 

9 

11 

23.5 

8 

8 

8 

12 

2B 

9 

8 

10 

9 

12 

21.6 

8 

8 

8 

10 

27 

9 

8 

10 

9 

13 

20 

8 

8 

8 

10 

28 

9 

8 

10 

9 

14 

20 

8 

8 

8 

9 

29....... 

9 

8 

9 

9 

16 

18.5 

8 

8 

8 

30 

31 

9 
9 

8 
8 

9 

9 
9 

Note.— Discharges  estimated  for  days  on  which  gage  was  not  read. 

Monthly  discharge  of  Middle  Ranch  Creek  at  lower  station  near  Arrow,  Colo.j  for  1907- 

1909. 


Month. 


1907. 

June 

July 

August 

1908. 

May 

June 

July 

August 

September 

Oct., 1-14 

1909. 

July 

August 

September 

October 

Nov., 1-14 


Discharge  In  second-feet. 


Maximum.   Mi"l"i'^"» 


64 
48 
7 


12 

36 

18 
7 

2.5 
1.7 


31.6 
9 
10 


10 
7 
2 


7 

20 

7 

2 

1.1 
1.7 


Mean. 


46 

21 

5 


11.3 
24.4 
9.1 
4.5 
2.20 
1.70 


18.7 
8.1 
8.6 
8.7 

10.4 


Run-off 
(total  in 
acre-feet). 


2,600 

1,290 

270 


606 
1,450 
437 
277 
130 
47 


1.150 
498 
512 
536 


SOUTH   RANCH   CREEK  AT   UPPER   STATION   NEAR  ARROW,  COLO. 

Tills  station,  which  was  established  May  1,  1908,  and  discontinued 
November  8,  1909,  is  located  2  miles  from  Arrow,  on  the  Colonial 
wagon  road,  and  at  an  elevation  of  about  10,000  feet  above  sea  level. 
The  drainage  area  is  about  3  squares  miles.  The  datum  and  location 
of  the  Lallie  automatic  gage  remained  constant  while  the  station 
was  being  maintained. 
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SURFACE   WATEB  SUPPLY,   1909,   PABT  IX. 


Discharge  measurements  of  South  Raimh  Creek  at  upper  ttation  near  Arrow y  Colo.,  in 

1908-1909. 


Date. 

Ilydrographer. 

he^l. 

Db- 
charge. 

190H. 
May     6 
19 

Stanley  Kn^lcek 

Ftet. 

1.00 
1.76 
1.37 
1.32 
1.30 
1.07 
1.00 
.98 
.85 
.88 
.85 

6.40 
.30 
.25 
.20 
.20 

Sec.-ft. 
4.2 

do^ ' 

33.2 

26 

.  ...do 

19.5 

June    6 

do 

16.3 

20 

. .  .do 

14.4 

July     7 
19 

do 

7.5 

do 

3.9 

27 

do          

3  7 

Aug.  31 

Sept.  29 

29 

...  do 

1.8 

do 

2.3 

do 

2.6 

1909. 
July    19 
Aug.    2 
5 

N.  O'Danlels 

9 

.  .  .do 

6 

do 

5 

13 

.  . .  .do *. 

4 

18 

do    

4 

Daily  gage  height,  in  feet,  of  South  Ranch  Creek  at  upper  station  near  Arrow,  Colo.,  for 

1908-1909. 


Day. 


1908. 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 


May. 


1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.45 
1.40 
1.40 
1.30 


June. 


1.25 
1.25 
1.29 
1.30 
1.31 

1.33 
1.48 
1.42 
1.42 
1.50 

1.51 
1.52 
1.51 
1.49 
1.47 


July.    Aug. 


I 


1.15 
1.15  , 
1.12 
l.ll 
1.08 

1.08 
1.06 
1.08 
1.08 
1.08 

1.08 
1.08 
1.08 
1.08 
1.05 


0.97 
.97 
.95 
.95 
.95 

.94 
.94 
.94 
.94 
.94 

.92 
.92 
.92 
.92 
.92 


Sept 


0.81 
.82 
.85 
.85 
.85 

.85 

.85 
.85 
.85 
.85 

.85 

.85 
.85 
.85 
.85 


Oct. 


Day. 


0.84 
.84 
.84 
.84 
.84 

.84 
.84 
.84 
.82 
.82 

.82 

.82 
.82 
.82 


1906. 

16 

17 

18 

19 

20 

21 

22 

23 

24 

•25 

26 

27 

28 

29 

30 

31 


May. 


1.30 
1.40 
1.40 
1.60 
1.33 

1.33 
1.33 
1.33 
1.33 
1.33 

1.33 
1.28 
1.28 
1.25 
1.24 
1.24 


June.  July. 


1.45 
1.41 
1.38 
1.32 
1.30 

1.30 
1.30 
1.30 
1.28 
1.27 

1.25 
1.24 
1.23 
1.17 
1.17 


1.04 
1.04 
1.00 
1.00 
1.00 

1.00 
1.00 

.98 
.98 
.98 

.98 
.98 
.97 
.97 
.97 
.97 


Aug. 


0.92 
.92 
.90 
.90 
.90 

.90 
.90 
.90 
.89 
.87 

.85 
.85 
.85 
.85 
.85 
.84 


Sept. 


0.85 
.85 
.85 
.85 
.85 


.85 
.85 
.82 
.83 

.84 
.83 
.82 
.84 
.85 


OcU 


Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1909. 
1 

0.20 
.20 
.20 
.20 
.20 

.20 
.25 
.20 

.20 
.20 

.20 
.20 
.20 

2 

0.30 
.25 
.25 
.25 

.25 
.25 

3 

0.25 
.25 
.2.5 

.25 
.25 
.25 
.25 
.25 

.25 
.2.) 
.25 
.25 
.25 

4 

0.20 

5 

6 

7 

8 

9 

0.70 

.20 

10    ... 

11 

12 

13 

14.   ... 

.55 

.20 

15 

Day. 


1900. 


July. 


0.30 


Aug. 


0.20 


Sept 


Oct, 


0.25 
.25 
.25 
.25 
.25 

.25 
.25 
.25 


0.25 


.20 


.25 


Nov. 
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Daih/  discharge,  m  second-feet ,  ofSotUh  Ranch  Creek  at  upper  station  near  Arrow ,  Colo., 

for  1908-9. 


Day. 

- 

May. 

June. 

July. 

Aug. 

Sept 

Oct 

Day. 

May 

June. 

July. 

Aug. 

Sept 

Oct 

1906. 
1  

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
20 
17 
17 
1.3 

12 
12 
13 
13 
14 

14 
20 
18 
18 
22 

22 
23 
22 
22 
21 

8 
8 
8 
7 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

3.0 
3.0 
3.8 
3.8 
3.8 

3.0 
3.0 
3.0 
3.0 
3.0 

2.0 
2.0 
2.0 
2.0 
2.0 

1.3 
1.4 
1.8 

1.8 
1.8 

1.8 
1.8 
1.8 
1.8 
1.8 

1.8 
1.8 
1.8 
1.8 
1.8 

1.7 

lOOB. 
16 

13 
17 
17 
27 
14 

14 
14 
14 
14 
14 

14 
13 
13 
12 

11 
11 

20 
18 
17 
14 
13 

13 
13 
13 
13 
12 

12 
U 
11 
9 
9 

5 

5 

3.9 

3.9 

3.9 

3.9 
3.9 
3.8 
3.8 
3.8 

3.8 
3.8 
3.7 
3.7 
3.7 
3.7 

2.9 
2.9 
2.5 
2.5 
2.5 

2.5 
2.5 
2.5 
2.4 
2.1 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 

1.8 
1.8 
1.8 
1.8 
1.8 

1.8 
1.8 
1.8 
1.4 
1.5 

1.7 
1.5 
1.4 
1.4 
1.8 

2 

17 

3 

18 

4 

19 

5 

20 

6         

21 

7 

22 

8 

23 

9 

24 

10 

25 

11 

26 

12 

27 

13 

28 

14         

29 

15 

30 

31 

) 

Day. 

July. 

Aug. 

Sept 

Oct 

Nov. 

4 
4 

Day. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

1909. 
1 

27 

27 

27 

24.5 

24.5 

22.5 

22.5 

22.5 

20 

20 

17.5 

17.5 

15 

15 

13 

6 
6 
5 
5 
5 

5 
6 
5 
5 
5 

4 

5 
5 

1900. 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

20 

30 

31 

13 
11 
11 

9 

9 

9 

9 

7.5 

7.5 

7.6 

7.5 

7.5 

6 

6 

6 

A 

4 

4 
4 
6 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 

2 

3 

5               4 

4 

5 
5 

5 
5 
5 
5 

4 

4 

4 
4 
4 
4 

5 

6 



7 

8 

9 

10 

5                4 

11 

5 
5 
fi 
5 
6 

4 
4 
4 

4 

12 

13 

14 

15 

1 

1 

Note.— Discharges  estimated  for  days  on  which  gage  was  not  read. 
Monthly  discharge  of  South  Ranch  Creek  at  upper  station  near  Arrotc,  Colo.,  for  1908-9. 


Month. 


1908. 

May 

June 

July 

August 

September 

Oct  1-14 

1909. 

July 

August 

September 

October 

Nov.  1-14 


Run-off 
(total  in 

Maximum. 

Minimum. 

Mean. 

acre-feet). 

27 

5 

11.4 

701 

Z\ 

9 

15.5 

922 

8 

.3.7 

.5.17 

318 

.3.9 

1.8 

2.74 

168 

1.8 

1.3 

1.71 

102 

1.7 

L4 

1.57 

44 

27 

(i 

14.6 

892 

(i 

4 

4.39 

270 

.1 

4 

4.43 

2t>4 

5 

4 

4.74 

291 

4 

4 

4.0 

Hi 
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SURFACE   WATER   SUPPLY,  1909,  PART  TX. 


SOUTH  RANCH  CRSEK  AT  LOWER  STATION  NEAR  ARROW,  COLO. 

This  station,  which  was  established  June  3,  1907,  and  discontinued 
November  8,  1909,  is  located  about  2  miles  below  the  upper  station 
and  just  above  the  junction  of  the  South  Fork  with  the  Middle  Fork. 
The  drainage  area  is  about  5  square  miles. 

The  datum  and  location  of  the  rod  gage  remained  constant  while 
the  station  was  being  maintained. 

Discharge  measurements  of  South  Ranch  Creek  at  lower  station  near  Arrow y  Coh.y  in 

1907-1909. 


Date. 


Hydrographer. 


1907. 
June    4 
9 
26 

12  I 
5  ' 

13  I 
20 


July 
Aug. 


1908. 

June  12 

July     4 

11 

27 

Aug.  31 

Sept.    8 

29 

1909. 
July    13 
Aug.     2 
6 
13  ( 


G.  M.  BuU.. 

....do 

do 

do 

do 

do 

do 

....do 


Stanley  Krajlcek . 

do 

....do 

....do 

....do 

....do 

....do 


N.  O'Danlels. 
do 


.do. 
.do. 


height. 

Dis- 
charge. 

Feet. 

Sec.-ft. 

1.75 

28 

2.00 

36 

1.95 

31 

1.56 

17.1 

1.25 

10.3 

.66 

4.1 

.55 

2.7 

.60 

2.5 

1.60 

18.2 

.90 

8.8 

.70 

4.0 

.50 

3.2 

.49 

3.3 

.49 

3.2 

.60 

L3 

.60 

13 

.20 

5 

.15 

4 

.15 

4 

Daily  gage  heightj  in  feet j  of  South  Ranch  Creek  at  lower  station  near  Arrow ^  Colo.  ^  for 

1907-1909. 


Day. 

June.'  July. 

Aug. 
0.7 

Day. 

June. 

July. 

Aug. 

Day. 

1907. 

21 

22 

23 

'  June. 

..;  2.0 

'    !   2'ft' 

July.   Aug, 

1907. 
1 

1907. 
11 

2.06 

1 

2 

1 

12 

1.26 

0.6 
.56  , 

1 

3.. 

1.75     1.6 
1.75    

.65 

13 

:::::.! 

4 

14 

2.1 
2.2 

1.35 

24::::::;:::::...:.. 

5..            ... 

...     .    1.55 

.66 

15 

26 

6  .     .. 

1  16 

1 

26 

27 

■1  l«s 

1 

7 1 

.6 

'  n:::::::::::: 

2.15 

t 

8.. 

2.05    

18 

.9    1 

28  .. 

..j. 

9 

2.0    1  1.5 
2.0       1.35 

i 

.6" 

1  19 

2.15 

29 

10 

'  20 ::..::: 

.85 

.6 

30 

31 



■"1 

1 

1 
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Daily  gage  height  ^  in  feet,  of  S<mth  Ranch  Creek  at  lower  station  near  Arrow,  Colo,  y  for 

1907-1909— Conimvied. . 


Day. 

May. 

1.50 
1.60 
1.50 
1.50 
1.50 

1.50 
1.50 
1.50 
1.50 
1.50 

1.50 
1.50 
1.60 
1.50 
L.-iO 

June. 

Joly. 

Aug. 

Sept. 

Oct. 

0.49 
.49 
.49 
.49 
.49 

.49 
.49 
.49 
.49 
.49 

.49 
.49 
.49 
.49 

1908. 
1 

1.16 
1.22 
1.28 
1.34 
1.40 

1.47 
1.63 
1.60 
1.60 
1.60 

1.68 
1.58 
1.65 
1.53 
1.50 

1.00 
.99 
.96 
.93 
.90 

.86 
.82 
.79 
.76 
.73 

.70 
.66 
.63 
.60 
.60 

0.50 
.50 
.50 
.50 
.50 

.50 
.50 
.50 
.50 
.60 

.60 
.50 
.60 
.50 
.50 

0.49 
.49 
.49 
.49 
.49 

.49 
.49 
.49 
.49 
.48 

.48 
48 
.48 
.48 
.48 

2 

3 

4 

5 

0 

7 

8 

9 

10 

U 

12 

13 

14 

15 

Day. 

May. 

June. 

July. 

Aug. 

Sep. 

1908. 
16.  ..  . 

1.60 
1.62 
1.64 
1.56 
1.68 

1.59 
1.60 
1.50 
1.40 
1.30 

1.20 
1.19 
1.18 
1.18 
1.16 
1.15 

1.48 
1.45 
1.42 
1.39 
1.37 

1.33 
1.30 
1.27 
1.25 
1.23 

1.20 
1.19 
1.18 
1.17 
1.16 

0.60 
.60 
.60 
.60 
.60 

.60 
.60 
.55 
.65 
.55 

.55 
.65 
.65 
.56 
.65 
.65 

0.50 
.60 
.50 
.50 
.49 

.49 
.49 
.49 
.49 
.49 

.49 
.49 
.49 
.49 
.49 
.49 

0.48 
.49 
.49 
.49 
.49 

.49 
.49 
.49 
.49 
.49 

.49 
.49 
.49 
.49 
.49 

17 

18 

19 

20 

21 

23  

23 

24 

25 

26 

27 

28 

29..  . 

30 

31... 

Oct. 


Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1909. 
1 

1909. 
16 

2 

0.20 

0.10 

0.25 

0.25 

17.  .  .. 

0.20 

3 

18 

4..  .. 

19 

6 

0.80 

20 

.15 

6 

.15 

21 

7.  .  . 

.20 

22 

23 

"  !l5 

0.30 

8 

.15 

9. 

.15 
.15 

24 

10. .  . , 

25 

0.25 

11. 

26 

.10 

12 

•   .25 

27 

.26 

13. 

.16 

28 

14 

.60 

29 

15. 

30 

31 

0.20 

.10 

.25 

Daily  discharge,  in  second-feet^  of  South  Randi  Creek  at  lower  station  near  Arrow ,  Colo., 

for  1907-1909. 


Day. 


1907. 

1 

2 

3 

4 

5 

27  1 

27 

28 

28 

31 

24 
23 
22 
20 
17 

6 

34 
37 
39 
36 
36 

1 

8 

9 

10 

June.  July.    .Vug. 


4 
4 
4 
4 

4.1 

3 
3 
3 
3 
3 


Day. 


11. 

12.. 
j  13.. 
i  14.. 

15.. 

16.. 
17.. 
,  18.. 
19.. 
20.. 


1907. 


June. 

July. 

Aug. 

39 

12 

3 

40 

10 

3 

41 

12 

2.7 

42 

14 

3 

46 

12 

3 

45 

10 

3 

44 

8 

3 

44 

6 

2 

44 

6 

2 

40 

5 

2.5 
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SURrACE   WATER  SUPPLY,  1909,   PART  TX. 


Daily  discharge^  in  second-feet y  of  South  Ranch  Creek  at  lower  $tatum  near  ArroWy  Colo.^ 

for  /907-i909— Continued. 


Day. 

May. 

June. 

1908. 
1 

15 
16 
15 
15 
15 

15 
15 
15 
15 
15 

15 
16 
15 
15 
15 

12 
13 
14 
14 
15 

16 
18 
19 
19 
19 

18 
18 
17 
17 
16 

2 

3 

4 

5  . 

0 

7 

8 

9 

10 

12 

13 

14 

15 

Day. 

July. 

1909. 

1 

26.5 

2 

26. 5 

3 

25 

4 

25 

b 

23.5 

6 

23.5 

7 

21.5 

8 

21.5 

9 

21.5 

10 

20 

11 

18 

12 

16.5 

13 

15 

14 

15 

15 

13.5 

July. 

AU,. 

Sept 

Oct. 

8 

3.2 

3 

8 

8 

3.2 

3 

3 

8 

3.2 

3 

3 

7 

3.2 

3 

7 

3.2 

3 

7.6 

3.2 

3 

6.5 

3.2 

8 

6.5 

3.2 

3 

6.5 

3.2 

3 

5.4 

3.2 

3 

5.4 

3.2 

3 

5.4 

3.2 

3 

4.5 

3.2 

3 

4.2 

3.2 

3 

4.2 

3.2 

Day. 

May. 

June. 

July. 

1908. 
16 

15 
16 
17 
17 
18 

18 
18 
16 
14 
13 

11 
11 
11 
11 
10 
10 

16 
15 
15 
15 

16 

14 
13 
12 
12 
12 

12 
11 
11 
11 
11 

4.2 

4.2 
4.2 
4.2 
4.2 

4.2 
4.2 

17 

18  

19 

20 

21 

22 

23 

34 

25 

26 

27 

28 

•29 

30 

31 

3.2 
3.2 
3.2 
3.2 
3.1 

3.1 
3.1 
8.1 
3.1 
3.1 

3.1 
3.1 
3.1 
3.1 
3.1 
3.1 


Sept.    Oct. 


Aug. 

Sept. 

Oct 

Nov. 

5 

8 

6 

6 

3 

6 

6 

3 

6 

6 

3 

6 

6 

3 

6 

6 

4 

6 

5 

6 

5 

6 

4 

6 

4 

6 

4 

6 

4 

6 

4 

6 

4 

6 

4 

6 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1909. 

16 

13.5 

4 

4 

6 

17 

11.6 

5 

5 

6 

18 

11.6 

5 

5 

6 

19 

11.6 

5 

5 

6 

20 

ia6 

4 

6 

6 

21 

10.6 

4 

6 

6 

22 

9 

4 

6 

6 

23 

9 

4 

6.5 

6 

24 

7.6 

4 

6.6 

6 

25 

7.6 

3 

6.5 

6 

26 

d.« 

3 

6 

6 

27 

6.6 

3 

6 

6 

28 

6 

3 

6 

6 

29 

6 

3 

0 

6 

30 

6 

3 

6 

6 

31 

5 

3 

6 

Note.— Discharges  estimated  for  days  on  which  gage  was  not  read. 
Monthly  diacharge  of  South  Ranch  Creek  at  lower  station  near  Arrmv,  Colo. ^  for  1907-1909, 


Month. 


1907. 

June 

July 

August 

1908. 

May 

June 

July 

August 

September 

Oct.  1-14 

1909. 

July 

August 

September 

Octot)er 

Nov.  1-14 


Diacharge  in  seoond-feet. 


Maximum.   Minimum.      Mean, 


46 

24 

4 


18 
19 

8 

3.2 

3 

3 


26.5 
5 

(i 
6 


I 


25 

36 

4 

11 

1 

3 

10 

14.6 

11 

14.7 

4 

5.16 

3.1 

3.16 

3 

3.0 

3 

3.0 

5 

14.6 

3 

4.0 

3 

4.75 

6 

6.0 

4 

4.86 

Run-off 
(total  in 
acre-feet). 


2,120 
668 
164 


875 
317 
194 
179 

84 


369 
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WILLIAMS   FORK   BASIN. 
WILLIAMS  FORK  ITEAR  SXTLPHXTB  SPRINGS,  COLO. 

Williams  Fork  rises  in  the  Williams  River  Mountains  and  flows 
northwestward,  joining  Grand  River  in  the  central  part  of  Middle 
Park. 

The  gaging  station  was  established  July  25,  1904,  to  obtain  data 
for  use  in  connection  with  the  development  of  the  stream  for  power, 
storage,  and  irrigation.  It  is  locatied  near  the  mouth  of  the  stream, 
at  the  wagon  bridge  on  the  ranch  of  F.  A.  Field,  about  9  miles  west 
of  Hot  Sulphur  Springs,  Colo.  The  nearest  railroad  point  is  Parshall, 
a  station  on  the  Denver,  Northwestern  &  Pacific  Railroad. 

The  drainage  area  is  about  200  square  miles. 

The  station  is  below  all  tributaries.  A  number  of  irrigation  ditches 
divert  water  below  the  station,  and  it  is  possible  that  in  the  future  a 
tunnel  will  divert  water  from  the  headwaters  of  Williams  Fork  to  the 
headwaters  of  Clear  Creek  in  the  Platte  drainage  basin.  Some  work 
has  been  done  toward  the  construction  of  a  reservoir  and  power  plant 
a  couple  of  miles  downstream  from  the  station.     (See  PI.  IV,  A.) 

Springs  keep  the  ice  from  getting  very  thick  at  this  station,  but 
slush  ice  occurs  frequently  throughout  the  winter.  The  morning 
readings  are  usually  distorted  as  the  result  of  ice  at  the  gage,  but  the 
afternoon  readings  indicate  the  open-water  stage  closely. 

No  change  has  been  made  in  the  location  or  in  the  datum  of  the 
staff  gage  at  the  bridge  during  the  maintenance  of  the  station. 

Results  are  satisfactory.  During  low  stages  in  the  winter  the  flow 
is  constant,  being  nearly  all  from  springs. 

Discharge  measurements  of  Williams  Fork  near  Sulphw  Springs y  Colo.,  in  1909. 


Date. 


Mar.  11 
Apr.  30 
May    9 

June  18 
Aug.  8 
Oct.    14 


llydrographers. 


C.  L.Chatfield 

....do 

....do 

Chatfleld  and  Snelson,  Jr. 

Freeman  and  Howe 

Woolsey  and  Urquhart. . 


Width, 


Feet. 
26 
47 
49 
54 
48 
44 


Area  of 
section. 


Sq.ft. 

42 

60 

82 
139 

91 
•     72.4 


Gage 
height. 


Feet. 
3.20 
3.40 
3.76 
5.00 
3.62 
3.47 


Dis- 
charge. 


Sec.-ft. 
44 
64 
152 
1.110 
145 
105 
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SURFACE   WATER  SUPPLY,   1909,   PART  IX. 


Daily  gage  height^  in  feel,  of  Williams  Fork  near  Stdphwr  Springs,  Colo.,  for  1909. 

I F.  A.  Field,  observer.) 


Day. 


Jan.      Feb.     Mar 


1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

II. 
12. 


14. 
15. 

10. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
2.1.. 

20.. 
27.. 
28.. 
29.. 
30. 
31.. 


3.20 
3.20 
3.25 
3.23 
3.22 

3.22 
3.16 
3.16 
3.14 
3.10 

3.10 
3.12 
3.12 
3.14 
3.14 

3.14 
3.18 
3.20 
3.20 
3.18 

3.15 
3.15 
3. 10 
3.12 
3.12 

3.14 
3.12 
3.12 
3.15 
3.15 
3.20 


3.20 
3.20 
3.18 
3.10 
3.16 

3.12 
3.14 
3.12 
3.12 
3.10 

3.12 
3.12 
3.10 
3.12 
3.12 

3.12 
3.12 
3.12 
3.12 
3.10 

3.10 
3.11 
3.12 
3.12 
3.12 

3.13 
3.12 
3.13 


3.13 
3.13 
3.17 
3.20 
3.15 

3.18 
3.15 
3.15 
3.16 
3.20 

3.21 
3.22 
3.22 
3.18 
3.22 

3.20 
3.22 
3.22 
3.22 
3.22 

3.23 
3.20 
3.18 
3.22 
3.25 

3.22 
3.25 
3.28 
3.28 
3.28 
3.27 


Apr. 


3.22 
3.28 
3.30 
3.25 
3.27 

3.30 
3.32 
3.28 
3.32 
3.40 

3.32 
3.30 
3.27 
3.27 
3.34 

3.35 
3.38 
3.42 
3.40 
3.39 

3.30 
3.36 
3.43 
3.41 
3.42 

3.44 
3.54 
3.50 
3.50 
3.45 


May. 

June. 

July. 

Aug. 

Sept, 

3.43 

1  4.11 

4.88 

3.85 

3.76 

3.41 

I  4.18 

4.85 

3.81 

3.68 

3.43 

4.22 

4.77 

3.75 

3.61 

3.00 

4.40 

4.94 

3.69 

3.60 

3.75 

4.56 

5.00 

3.64 

3.61 

3.77 

4.66 

4.76 

3.66 

3.67 

3.75 

4.75 

4.68 

3.60 

3.82 

3.79 

4.85 

4.60 

3.65 

3.71 

3.85 

4.90 

4.02 

3.65 

3.72 

3.90 

4.78 

4.58 

3.64 

3.78 

3.90 

4.77 

4.46 

3.66 

3.72 

3.98 

4.74 

4.36 

3.65 

3.62 

3.88 

4.80 

4.32 

3.71 

3.66 

3.88 

4.76 

4.23 

3.62 

3.66 

3.82 

4.75 

4.20 

3.59 

3.74 

3.92 

4.80 

4.14 

3.56 

3.70 

3.97 

4.98 

4.10 

3.68 

4.05 

5.15 

4.10 

3.63 

4.04 

5.28 

4.10 

3.93 

8.61 

4.09 

5.28 

4.10 

3.76 

3.59 

4.17 

5.12 

4.06 

3.80 

3.58 

4.22 

5.12 

3.98 

3.72 

3.60 

4.25 

5.15 

3.90 

3.68 

3.00 

4.18 

5.16 

4.02 

3.69 

3.58 

4.09 

5.20 

4.10 

3.66 

3.67 

4.02 

5.14 

4.07 

3.61 

3.64 

4.01 

4.96 

4.02 

3.67 

8.62 

4.13 

4.96 

3.96 

3.60 

3.61 

4.18 

4.92 

3.87 

3.57 

3.50 

4.04 

4.96 

3.85 

3.58 

3.49 

4.12 

8.70 

3.70 

3.48 
3.46 
3.44 
3.44 
3.43 

3.46 
3.60 
3.60 
3.39 
3.49 

8.48 
3.44 
3.46 
3.46 
3.43 

3.42 
3.41 
3.40 
3.40 
3.39 

3.40 
8.39 
3.41 
3.38 
3.39 

3.34 
3.36 
3.35 
8.34 
8.33 
8.32 


3.33 
3.35 
3.32 
3.32 
3.26 

3.22 
3.24 
8.18 
8.12 
8.14 

3.18 
3.35 
3.18 
8.18 
3.20 

3.12 
3.10 
3.10 
3.12 
3.40 

3.32 
3.28 
8.30 
3.36 
3.86 

8.32 
3.80 
8.10 
3.38 
8.30 


Dm. 


3.26 
3.20 
3.15 
3.12 
3.10 

3.12 
3.12 
3.10 
3.10 
3.10 

3.10 
3.12 
3.12 
3.10 
3.10 

3.10 
3.10 
3.10 
3.10 
3.12 

3.12 
3.10 
3-10 
3.12 
3.12 

3.10 
3.15 
3.15 
3.18 
3.16 
3.18 


Note.  ~Icc  conditions  from  Jan.  1  to  -\pr.  15  and  ftx)m  Nov.  11  to  Dec.  31.    The  afternoon  readings  are 
given  as  the  mean  for  the  day  during  these  ice  period.s,  as  they  are  leas  affected  by  ice. 

Daily  discharge,  in  second-feet,  of  Williams  Fork  near  Sulphur  Springs,  Colo.,  for  1909. 


Day. 


11. 

12. 
13. 
14. 
15. 


IS. 
19. 
20. 

21. 
22. 
23. 

24., 
2.'i.. 

20.. 
27. 
2K.. 
29.. 
30.. 
31.. 


Jan. 


Feb. 


44 
44 

51 

48 
47 

47 

39 
39  I 

37  I 
32  I 

32  I 
34  ; 
34  I 
37 
37 


Mar. 

36 
38 
40 
44 

38 


34 

42 

37 

38 

34 

38 

34 

39 

32 

44 

34 

46 

34 

47 

32 

47 

34 

42 

34 

47 

37 

34 

42 

34 

44 

34 

44 

34 

42 

32 

38 

32 

38 

33 

.« 

34 

34 

34 

34 

34 

37 

36 

34 

34 

34 

36 

3H 

38 

44 

.\pr.     May.    June.    July.     Aug.     Sept.     Oct.     Nov.    Dec 


69 
66 
69 
104 
148 

155 
148 
162 
184 
204 

230 
239 
196 
196 
173 

213 
235 
274 
269 
295 

342 
374 
395 
348 
295 

258 
253 
318 
348 
260 
312 


306 
348 
374 
510 
666 

766 
848 
962 
1,000 
879 

868 
837  I 
900' 

858 
848 

906  I 
1,090 
1,270 
1,410 
1,410 

1,240 
1,240 
1,270 
1,280 
1,320 

1,260 
1,070 
1,070 
1,030 
1,070 


985 

955 

875 

1,050 

1,110 

865 
786 
767 
?29 
692 

588 
510 
480 
420 
400 

867 
346 
345 
345 
346 

326 
286 
250 
305 
345 

330 
306 
277 
238 
230 
1?2 


230 

196 

111 

84 

214 

166 

107 

88 

191 

143 

103 

83 

169 

140 

103 

83 

163 

143 

101 

76 

169 

162 

107 

70 

160 

218 

116 

73 

166 

176 

116 

66 

156 

180 

94 

60 

163 

202 

113 

62 

159 

180 

111 

66 

166 

146 

103 

88 

176 

169 

107 

66 

146 

169 

107 

66 

138 

187 

101 

68 

180 

172 

99 

60 

176 

166 

97 

68 

219 

160 

96 

68 

264 

143 

96 

60 

196 

138 

94 

96 

210 

136 

96 

88 

180 

140 

94 

78 

166 

140 

97 

80 

169 

136 

02 

89 

159 

132 

94 

89 

143 

126 

86 

83 

132 

120 

89 

80 

140 

118 

88 

58 

132 

115 

86 

92 

135 

113 

84 

80 

172 

83 

75 

m 

63 
60 
58 

GO 
60 

58 
58 
58 


60 
58 


58 
58 


58 
60 
60 


6S 
66 
64 
06 


Note.    These  discharges  are  based  on  rating  curves  appli(5able  as  follows:  Jan.  1  to  Apr.  15.  not  well 
defined;  Apr.  10  to  June  15  fairly  well  defined;  June  16  to  Dec.  31,  well  defined. 
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Monthly  discharge  of  Williams  Fork  near  Sulphur  Springs^  Colo.  ^  for  1909. 


January 

February... 

March 

AptU 

liay 

June 

July 

August 

September.. 

October 

November.. 
December.. 


Month. 


Discharge  In  second-feet. 


Maximum.   Mtnhnum. 


61 
44 

55 

96 

395 

1,410 

1,110 

264 

218 

113 

95 

75 


The  year. 


1,410 


32 

32 

36 

47 

06 
306 
172 
130 
113 

83  I 

58  I 

58  i 


Mean. 


32 


39.3 
35.3 
45.4 
64.0 

230 

962 

517 

160 

153 
98.9 
74.7 
60.7 


204 


Run-off 
(totallB 
acre-feet). 


2,420 
1,960 
2,790 
3,810 
14,100 
57,200 
31,800 
10,400 
9,100 
6,060 
4,440 
3,730 

148,000 


Accu- 
racy. 


EAGLE   RIVER   BASIN. 


XAQLB  RIVBR  AT  QTPSXTM,  COLO. 

This  station^  which  was  established  February  7,  1907,  to  replace 
the  station  at  Eagle,  a  few  miles  above,  is  located  at  the  liighway 
bridge  one-fourth  mile  north  of  the  Denver  &  Rio  Grande  Railroad 
station  at  Gypsum.     It  was  discontinued  December  31,  1909. 

Gypsum  Creek,  the  only  tributary  of  consequence,  enters  about 
one-eighth  mile  below  the  station.  Tlie  drainage  area  above  mouth 
of  Gypsum  Creek  is  about  800  square  miles. 

A  number  of  ditches  divert  watei  for  irrigation,  but  such  ditches 
are  small,  as  in  most  places  the  valley  is  narrow. 

The  stream  is  frozen  along  the  edges  during  the  winter,  and  some 
slush  and  anchor  ice  also  forms,  but  the  river  usually  remains  open 
in  midstream. 

The  location  and  datum  of  the  chain  gage  on  the  highway  bridge 
have  remained  the  same  during  the  maintenance  of  the  station. 
Discharge  measurements  are  made  from  the  bridge. 

The  channel  is  permanent,  but  measurements  are  only  fairly  satis- 
factory because  of  the  rough  and  rocky  bottom.  Winter  records  are 
affected  by  ice  and  are  only  fairly  accurate. 

Discharge  measurements  of  Eagle  River  at  Gypsum^  Colo.,  in  1909. 


Date. 


Jan.  12n 

Mar.  14 

Apr.  19 

June  20b 

July  14 

July  24 

Aug.  8 

Oct.  9 


IlydroKraphei 


C.  L.  Chatfteld 

....do 

....do 

W.  H.  Snelson.  jr. 

do 

W,  B.  Freeman... 
W.  II.  Snelson,  jr.. 
G.n.  Ruasell 


Width. 

Area  of 
section. 

Gage 
height. 

Feet. 

Sq.ft. 

Feet. 

92 
80 

2.80 
2.35 

138 

94 

213 

3.20 

96 

632 

7.?2 

96 

342 

4.52 

96 

3:w 

4.43 

96 

25.-) 

3.60 

85 

206 

3.2 

Dis- 
charge. 


Sec.-ft. 

107 

120 

408 

5,?20 

1,300 

1,190 

564 

341 


«  Ice:  made  by  wading. 

b  Suijsiirface  velocity  method  used.    Coefllcient  of  80  per  cent.    Stay  line  used. 
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SURFACE   WATER   SUPPLY,   1909,   PART   IX. 


Daily  gage  heighly  infeet^  of  Eagle  River  at  Gypsumy  Colo. ^  for  1909. 
[J.  F.  Greenland,  observer.] 


Day. 


1. 
2. 
3. 
4. 
5. 

6. 

7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


Jan.  I  Feb. 


2.9 

2.75 

2.7 

2.7 

2.65 

2.6 
2.65 
2.65 
2.6 
2.6 


2.45 

2.6 

2.6 

2.6 

2.55 

2.56 

2.55 

2.55 

2.5 

2.6 


2.55 

2.46 

2.8 

2.46 

2.5 

2.4 

2.5 

2.4 

2.45 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

2.45 

2.4 

2.45 

2.45 

2.4 

2.45 

2.35 

2.45 

2.4 

2.5 

2.4 

2.5 

2.4 

2.5 

2.4 

2.4 

2.35 

Mar. 

Apr. 

2.5 

2.5 

2.5 

2.5 

2.55 

2.-5 

2.7 

2.6 

2.65 

2.5 

2.6 

2.5 

2.6 

2.5 

2.6 

2.6 

2.6 

2.6 

2.6 

2.5 

2.46 

2.66 

2.46 

2.6 

2.6 

2.6 

2.45 

2.6 

2.45 

2.6 

2.45 

2.65 

2.6 

3.15 

2.5 

3.2 

2.5 

3.2 

2.6 

3.15 

2.66 

3.06 

2.65 

2.9 

2.66 

2.86 

2.5 

2.9 

2.6 

3.06 

2.5 

3.2 

2.6 

3.26 

2.6 

3.45 

2.5 

8.4 

2.6 

3.3 

2.5 

May. 

3.2 

3.1 

3.0 

3.15 

3.55 

3.85 
3.95  , 
4.00  I 
3.95 
3.95 

4.2 

4.3 

4.0 

4.05 

4.0 

4.2 

4.06 

4.4 

4.65 
4.85 

4.96 
6.4 
6.46 
6.36 
4.7 

4.6 

4.75 

5.3 

6.6 

4.96 

4.7 


June. 


4.4 

4.46 
4.6 
6.7 
6.2 


6.4 

6.35 

6.4 

6.4 

6.3 

6.35 

6.25 

6.2 

6.55 

7.40 

6.65 
6.35 
6.75 
6.95 
6.9 

6.75 

6.75 

6.5 

6.35 

6.4 


July. 

Aug. 

6.3 

3.7 

6.3 

3.6 

6.6 

3.6 

6.56 

3.6 

6.4 

3.5 

Sept. 


Oct. 


Nov.    Dec 


6.6 

6.05  ! 

6.55 

6.7 

6.8 

6.4 

6.65 

6.4  1 

6.6 

6.1 

3.46 

3.75 

3.55 

3.7 

3.75 


5.0 

3.8 

4.8 

3.8  1 

4.5 

3.8 

4.6 

8.7 

4.5 

3.55 

4.6 

3.46 

4.4 

3.46 

4.4 

4.1 

4.45 

4.4 

4.6 

4.15 

4.3 

3.7 

4.2 

3.6 

4.2 

3.65 

4.36 

3.65 

4.26 

3.65 

4.1 

3.5 

4.06 

3.56 

3.95 

3.56 

4.0 

3.6 

4.0 

3.65 

4.0 

3.85 

3.8 
3.76 
3.7 
3.7 
3.7 

3.8 
3.95 
4.0 
3.85 
3.7 

3.6 
3.5 
6.6 
3.5 
3.5 

3.5 

3.46 

3.4 

3.4 

3.4 

3.4 

3.36 

3.3 

3.3 

3.25 

3.2 
3.1 
3.1 
3.1 
3.1 


3.0 
3.0 
3.0 
3.0 
3.0 


2.8 
2.8 
2.8 
2.8 
2.8 


2.8 

2.8 
2.8 
2.8 
2.8 


2.96 

2.8 

2.8 

2.95 

2.8 

2.8 

2.95 

2.75 

2.8 

3.0 

2.75 

2.8 

3.05 

2.8 

2.8 

3.05 

2.8 

2.8 

3.0 

2.8 

2.8 

3.0 

2.8 

2.8 

3.0 

2.75 

2.8 

2.95 

2.8 

2.8 

2.95 

2.S 

2.8 

2.95 

2.8 

2.8 

2.95 

2.8 

2.8 

2.95 

2.8 

2.8 

2.95 

2.8 

2.8 

2.96 

2.8 

2.8 

2.9 

2.8 

2.8 

2.9 

2.8 

2.75 

2.9 

2.8 

2.75 

2.9 

2.8 

2.75 

2.9 

2.8 

2.75 

2.85 

2.8 

2.75 

2.85 

2.8 

2.75 

2.85 

2.8 

2.75 

2.8 

2.8 

2.75 

2.8 

2.75 

Note.  -Ice  conditions  from  Jan.  1  to  14. 

Daily  discharge^  in  second-feet,  of  Eagle  River  at  Gypminij  Colo.^  for  1909. 


Day. 

Jon. 

Feb. 

144 

155  ' 
181 
181 
168 

168 
168  ; 
168 
155 
155 

144 
144 
132 
132  ' 
1.32. 

132  1 
132 
132  ' 
132  ' 
132 

132  1 
132  1 
144  1 
144 
144 

15.5 
155 
155 

Mar. 

155 
155 
168 
209 
195 

1.55 
155 
155 
155 
155 

144 
144 
155 
144 
144 

144 
181 
155 
155 
155 

168 
168 
168 
155 
155 

155 
155 
155 
155 
155 
155 

Apr. 

May. 

389 
346 
307 
368 

June. 

July. 

Aug. 

Sept. 

Oct. 

•Nov. 

200 
200 
200 
200 
200 

200 
200 
185 
186 
200 

200 
200 
200 
186 
200 

200 
200 
20O 
200 
200 

200 
200 
200 
200 
200 

200 
200 
200 
200 
200 

Dec 

1 

155 
156 
155 
166 
156 

155 
155 
155 
155 
155 

168 
181 
181 
181 
181 

195 
368 
389 
389 
368 

326 
272 
256 
272 
326 

389 
414 
520 
491 
438 

1,240 
1,290 
1,340 
2.7no 

3,480 
3,480 
3,780 
3,860 
3,630 

3,110 
2,630 
2,250 
2,250 
1,900 

1,790 
1,570 
1,270 
1,270 
1,270 

1,270 
1,170 
1,170 
1,220 
1,270 

1,080 

985 

985 

1,120 

1,030 

900 

782 
820 
820 
820 

610 
560 
550 
490 
490 

462 
642 
620 
610 
642 

675 
675 
675 
610 
520 

462 
462 
900 
1,170 
942 

610 
650 
580 
580 
580 

490 
520 
520 
550 
580 
710 

676 
642 
610 
610 
610 

676 
782 
820 
710 
610 

560 
400 
490 
490 
490 

490 
462 
435 
435 
435 

436 
410 
385 
385 
362 

340 
300 
300 
300 
300 

265 
265 
266 
265 
265 

248 
248 
248 
265 
282 

282 
265 
265 
265 
248 

248 
248 
248 
248 
248 

248 
230 
230 
230 
230 

^0 
215 
215 
215 
200 
200 

200 

2 ' 

200 

3 

200 

4 

200 

5 

578  1  3,330 

779  I  3,930 
852  3,860 
890  4,230 
852  1  4,000 
852  ,  3,930 

1,060  ,  3,630 

1,140  3,560 

890  3,630 

930  3,630 

890  j  3,480 

1,060  '  3,560 
930  3,400 
1,240  3,330 
1,500  1  3,860 
1,?20  5,190 

1,840  4.000 

200 

6 

200 

7 

200 

8 

200 

9 

200 

10 

200 

11 

200 

12 

200 

13 

200 

14 

200 

15 

16 

144 

132 
132 
132 
132 
132 

132 
144 
144 
132 
122 

132 
132 
132 
132 
132 
122 

200 
200 

17 

200 

18 

200 

19 

20 

21 

200 
200 

200 

22 

23 

24 

26 

26 

2,400 
2,460 
2,330 
1,560 

1,440 
1,610 
2.270 

3,560 
4,160 
4,460 
4,380 

4,160 
4,160 
3.780 

200 
185 
186 
185 

1S5 

27 

185 

28     

185 

29 

2,520  3.560 
1.840  3.630 
1,560  1 

185 

30 

185 

31 

185 

Note.— These  discharges  are  based  on  rating  curves  applicable  as  follows:  Jan.  15  to  June  4,  well  defined 
alK)ve  a  discharge  of  100  .second-feet.  June  U  to  Dec.  31,  well  deftiie<i  between  discharges  of  300  and  1,S00 
second-feel.    Jan.  1  to  14,  ice  conditions;  daily  discharge  estiuiated  at  110  second-feet. 
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Monthly  discharge  of  Eagle  River  at  Gypsum^  Colo.  ^  for  1909, 


167 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Dlsdmrge  in  second-feet. 

Run-off 
(total  In 
acr&-feet). 

7,560 
8,220 
9,780 
15,600 
78,100 
212,000 
107,000 
37,600 
29,800 
16,100 
11,800 
12,100 

Accu- 

Maxinuini.  Minfanum. 

Mean. 

racy. 

144 
IKl 

209 

520 

2,520 

5.190 

3.860 

1,170 

820 

282 

200 

200 

123 

148 

150 

262 

1,270 

3,570 

1,740 

611 

601 

246 

196 

196 

B. 

132 
144 
155 
307 
1,240 
782 
462 
300 
200 
185 
185 

k. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

B. 

B. 

6,190 

752 

645,000 

ROARING   FORK   BASIN. 


DESCRIPTION. 


Roaring  Fork,  which  enters  the  Grand  at  Glenwood  Springs,  drains 
a  large  area  lying  chiefly  in  Pitkin  County  and  reaching  to  the  Conti- 
nental Divide.  It  is  one  of  the  largest  tributaries  of  the  Grand. 
Frying  Pan  and  Crystal  rivers  are  its  most  important  branches. 

ROARINQ  FORK  NEAR  EMMA,  COLO. 

This  station,  which  is  located  on  a  steel  highway  bridge  about  1^ 
miles  below  Emma,  a  station  on  the  Aspen  branch  of  the  Denver  & 
Rio  Grande  Railroad,  was  established  July  19,  1908.  It  was  discon- 
tinued September  30,  1909. 

Frying  Pan  River  joins  Roaring  Fork  about  3  miles  above  the  sta- 
tion, and  Sopris  Creek  comes  in  above  the  station  near  Emma.  The 
drainage  area  at  the  station  is  more  than  500  square  miles. 

A  few  small  ditches  divert  water  above  the  station,  principally  for 
meadow  irrigation.  The  only  important  power  plant  above  the 
station  is  that  at  Aspen,  Colo.,  wliich  generates  1,000  horsepower. 

The  stream  at  this  point  is  not  so  much  affected  by  ice  as  at  other 
stations  in  that  vicinity,  and  the  channel  is  frequently  open  during 
the  winter.     Slush  ice  is  common. 

A  staff  gage  was  used  until  August  27,  1908,  at  which  time  a  chain 
gage  was  established  on  the  bridge  with  a  datum  0.10  foot  above  that 
of  the  staff  gage.  Gage  heights  are  all  referred  to  the  datum  of  the 
chain  gage. 

Results  at  this  station  are  satisfactory  except  when  affected  by  ice 
during  verj"  severe  wintei-s. 
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I>iacharge  measuremerUs  of  Rooaing  Fork  near  Emma^  Colo,,  in  1909. 


Date. 


Hydrographer. 


Width. 

Area  of 
section. 

hS^t. 

Fktt. 

Sq.ft. 

FeeL 

80 

125 

3.40 

100 

133 

3.50 

100 

184 

3.96 

117 

057 

0.85 

117 

667 

7.15 

104 

402 

6.30) 

1          64 

1 

249 

4.50  1 

Dis- 
charge. 


Jan.  16a 
Mar.  19 
Apr.  23 
June  23 
July  12 
Aug.  7 
Oct.   12 


C.  L.  Chatfleld 

do 

do 

Wm.  II.  Snelson,  jr. . 

do 

do 

Russell  and  Weaver. . 


Sec-ft. 
206 

22S 

375 

7. 080 

2,870 

930 

586 


a  Open  channel. 

Daily  gage  height,  inject,  of  Roaring  Fork  near  EmmOf  Colo.,  for  1909, 
[W.  R.  Hood,  observer.] 


Day. 


1. 
2. 
3. 
4. 
5. 

0. 
7. 
8, 
9. 
10. 

11, 
12, 
13, 
14, 
15, 

10, 
17. 
IH 
19, 
20 

21 
22 
23 
24 
2.5 

2r. 

27 

2S 
2<> 

m 

31 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

3.7 

3.5 

3.45 

3.5 

4.2 

6.1 

8.75 

5.4 

3.6 

3.55 

3.4 

3.5 

4.2 

6.0 

9.15 

5.5 

3.6 

8.5 

3.4 

3.65 

4.16 

6.6 

9.1 

5.4 

3.6 

8.6 

3.4 

3.75 

4.6 

7.2 

8.8 

5.35 

3.5 

3.5 

3.45 

3.7 

4.96 

8.06 

9.3 

5.15 

3.6 

3.5 

3.45 

3.6 

6.3 

8.6 

8.66 

5.3 

3.6 

8.5 

3.6 

3.5 

6.4 

8.6 

8.2 

5.3 

3.55 

3.5 

3.45 

3.4 

6.65 

0.0 

7.8 

5.3 

3.56 

3.5 

8.35 

3.45 

6.46 

0.26 

7.66 

5.6 

3.5 

3.5 

8.35 

3.45 

6.6 

9.16 

7.6 

6.45 

3.4 

3.5 

8.4 

3.6 

6.76 

9.05 

7.2 

5.4 

3.3 

3.45 

3.35 

3.5 

6.75 

9.10 

7.05 

5.36 

3.5 

3.45 

3.35 

3.5 

6.6 

9.4 

6.9 

5.5 

3.65 

3.45 

3.35 

3.5 

5.66 

9.15 

6.8 

5.3 

3.55 

3.35 

3.4 

3.6 

6.4 

9.2 

6.7 

5.1 

3.5 

3.4 

3.4 

3.85 

6.7 

9.0 

6.6 

6.1 

3.5 

3.45 

3.5 

4.05 

6.65 

9.6 

6.4 

5.46 

3.45 

3.4 

3.5 

4.3 

6.0 

9.7 

6.3 

6.1 

3.5 

3.4 

3.5  . 

4.5 

6.2 

10.1 

6.4 

6.1 

3.45 

3.3 

3.5 

4.6 

6.45 

10.1 

6.3 

5.66 

3.5 

3.4 

3.6 

4.2 

6.  .5 

9.86 

6.2 

5.7 

3.5 

3.45 

3.6 

4.05 

6.76 

9.76 

6.2 

5.45 

3.5 

3.4 

3.6 

3.9 

6.86 

9.6 

6.3 

5.4 

3.4 

3.4 

3.55 

3.95 

6.7 

9.7 

6.25 

5.6 

3.4 

3.45 

3.55 

4.0 

6.25 

9.7 

6.2 

6.4 

3.4 

3.4 

3.55 

4.3 

6.26 

9.4 

6.05 

5.3 

3.5 

3.3 

3.6 

4.55 

6.6 

9.35 

6.1 

6.2 

3.5 

3.35 

3.6 

4.65 

7.0 

9.16 

6.9 

6.1 

3.45 

3.65 

4.55 

7.06 

8.95 

5.7 

6.36 

3.36 

3.55 

4.3 

6.2 

8.95 

5.6 

6.5 

3.5 

3.6 

6.15 

5.6 

5.85 

1 

6epU 


5.65 

6.45 

5.4 

5.4 

5.75 

6.1 

6.4 

6.0 

5.85 

5.7 

^56 
6.5 
5.6 
5.55 
5.6 

5.65 

5.55 

5.45 

5.4 

5.3 

5.3 

5.15 

5.1 

5.1 

5.0 

4.9 
4.8 
4.85 
4.73 
4.7 


NoTK.-Mush  ice  runniiic  during  {wrtions  of  January,  February,  and  first  Um  days  of  ICarcfa.    Effect 

on  monthly  means  probably  slight. 
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Daily  discharge^  in  second-feet,  of  Roaring  Fork  near  Errvma,  Colo.,  for  1909, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1 

285 
255 
255 
256 

225 

255 
255 
240 
240 
225 

200 
175 
225 
270 
240 

225 
225 
212 

225 
212 

225 
225 
225 
200 
200 

200 
225 
225 
212 
188 
225 

225 
240 
226 
256 
225 

225 
225 
225 
225 
225 

225 
212 
212 
212 

188 

200 
212 
200 
200 
176 

200 
212 
200 
200 
212 

200 
175 
188 

212 
200 
200 
200 
212 

212 
226 
212 

188 
188 

200 
188 
188 
188 
200 

200 
225 
226 
225 
225 

255 
255 
255 
240 
240 

240 
256 
256 
240 
240 
256 

226 
225 
270 
302 
286 

225 
225 
200 
212 
212 

265 
225 
225 
225 
266 

338 

408 
505 
695 
595 

465 
408 
355 
372 
390 

605 
620 
670 
620 
606 

465 
466 
446 
695 
840 

1,000 
1,140 
1,340 
1,180 
1,300 

1,420 
1,420 
1,300 
1,260 
1,140 

1,380 
1,340 
1,650 
1,840 
2,090 

2,090 
2,420 
2,520 
2,360 
1,890 

1.890 
2,250 
2.690 
2,750 
1.840 
1,790 

1,740 
1,650 
2,140 
2,930 
4,060 

4.750 
4,910 
5,590 
6,020 
5,840 

5,680 
5,7W 
6.270 
5,840 
5,930 

5,590 
6,630 
6,810 
7.5.30 
7,630 

7,080 
6,900 
6,630 
6,810 
6,810 

6,270 
6,180 
6,840 
5.500 
5,500 

6,160 
6,840 
6,760 
6.250 
6,100 

6.000 
4,280 
3,700 
3,500 
3,300 

2,m 

2,750 
2,  .580 
2.470 
2,360 

2,250 
2,040 
1,940 
2,040 
1,940 

1,840 
1,840 
1,940 
1.890 
1.840 

1,700 
1,740 
1,560 
1,380 
1.300 
1.220 

1,140 
1,220 
1,140 
1,100 
965 

1,070 
1,070 
1,070 
1,220 
1,180 

1,140 
1,100 
1,220 
1,070 
930 

930 
1,180 
1,740 
1.740 
1,340 

1,380 
1,180 
1.140 
1,220 
1,140 

1,000 
1,000 
9.30 
1,100 
1,220 
1,520 

1,340 

2 

1,180 

3 

1,140 

4 

1,140 

5 

1,420 

c.       

1,740 

7 

2.040 

8 

1,650 

9 

1.620 

10 

1,380 

11 

1,260 

12 

1,220 

13 

1,300 

14 

1,260 

15 

1,300 

16 

1.340 

17 

1,260 
1.180 

IS 

19 

1,140 

20 

1,070 

21 

1.000 

22 

965 

23 

930 

24 

930 

25 

870 

2f> 

810 

27 

7.50 

28 

780 

29 

722 

30 

695 

31 

Note.— These  discharges  are  based  on  a  rating  curve  well  defined  between  150  and  7,500  second-feet. 
Monthly  discharge  of  Roaring  Fork  near  Emma,  Colo,,  for  1909. 


Month. 


January — 
February... 

March 

April 

May 

June 

July 

.\ugust 

September. 


The  period . 


Discharge  in  second-feet. 


Maximum. 


286 

266 

265 

670 

2,750 

7,530 

6,100 

1,740 

2,040 


Minimum. 


175 
175 
188 
200 
446 
1,650 
1,220 
930 
605 


Mean. 


227 

211 
221 
364 
1,490 
5,560 
2,890 
1,170 
1,180 


Run-off 
(total  in 
acre-feet). 


14,000 
11,700 
13,600 
21,700 
91,600 
331,000 
178,000 
71,900 
70,200 


804,000 


Accu- 
racy. 


ROABINa  FORK  AT  QLENWOOD  SPRINGS,  COLO. 

This  station,  which  was  established  April  6,  1906,  is  located  at  the 
mouth  of  the  stream  on  a  single-span  wooden  road  bridge,  about  500 
feet  above  the  junction  of  Grand  River  and  Roaring  Fork,  and  about 
four  blocks  west  of  Grand  Avenue,  Glenwood  Springs.  It  was  dis- 
continued September  30,  1909. 

A  number  of  small  irrigation  ditches  divert  water  from  the  main 
stream  and  tributaries.  Three  important  power  plants,  located  on 
Crystal  River,  Yule  Creek,  and  Maroon  and  Castle  creeks,  develop 
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about  2,100  horsepower.  A  number  of  smaller  plants  are  also  in 
operation  in  this  drainage  area. 

Surface  ice  rarely  forms  solid  across  the  river  at  this  station, 
although  slush  and  anchor  ice  are  common.  Extremely  high  stages 
of  Grand  River  may  affect  the  flow  at  this  station  to  a  small  degree. 

Neither  the  location  nor  the  datum  of  the  chain  gage  on  the  bridge 
has  been  changed  during  the  maintenance  of  the  station. 

As  the  stream  bed  is  very  rough  conditions  are  unfavorable  for 
accurate  measurements.  The  channel  is,  however,  fairly  permanent, 
and  the  results  are  satisfactory. 

Discharge  meaauremenU  of  Roaring  Fork  at  Glenwood  Springs,  Colo.,  in  1909. 


o Slush  ice  in  sections.    Results  rough. 

Daily  gage  heightj  in  feet  ^  of  Roaring  Fork  at  Glenwood  Springs,  Colo.,  for  1909. 
(Mrs.  J.  W.  Johnson,  observer.] 


Day. 


1. 
2. 
3. 
4. 
5. 

6. 
7. 
K. 
9. 
10. 

II. 
12. 
J3. 
14. 


Ifi. 
17. 
IS. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

20. 
27. 
28. 
29. 
30. 
31. 


Jan. 


1.15 

1.2 

1.2 

1.3 

1.35 

1.4 
1.35 
1.25 
1.3 
1.25 

1.2 

1.2 

1.15 

1.3 

1.3 

1.25 
1.2 
1.15 
1.2 

1.2    I 


Feb. 

Mar. 

Apr. 

1.15 

1.15 

1.3 

1.2 

1.2 

1.35 

1.2 

1.15 

1.4 

1.15 

1.2 

1.45 

1.15 

1.2 

1.5 

1.2 

1.25 

1.45 

1.2 

1.25 

1.4 

1.2 

1.2 

1.35 

1.15 

1.1 

1.35 

1.2 

1.15 

1.4 

1.2 

1.15 

1.45 

1.2 

1.2 

1.4 

1.2 

1.2 

1.3 

1.2 

1.3 

1.4 

1.1 

1.25 

1.4 

1.1 

1.25 

1.6 

1.1 

1.3 

1.7 

1.1 

1.3 

2.2 

1. 15 

1.25 

2.25 

1.1 

1.3 

2.3 

1.15 

1.05 

1.25 

1.0 

1.3 

1.0 

1.25 

1.0 

1.15 

1.05 

l.l 

1.1 

1.2 

1.0 

1.2 

1.0 

1.15 

1.1 

1.0 

1.3 

2.0 

1.3 

1.8 

1.25 

1.8 

1.3 

1.8 

1.25 

1.85 

1.3 

2.05 

1.3 

2.35 

1.3 

2.5 

1.25 

2.4 

1.3 

2.2 

1.3 

lay. 

June. 

July. 

Aug. 

Sept. 

2.0 

3.7 

6,35 

3.0 

3.0 

2.0 

3.56 

6.25 

3.05 

2.8 

2.05 

4.2 

6.35 

3.0 

2.75 

2.3 

4.86 

6.4 

2.75 

2.S 

2.8 

6.6 

6.8 

2.65 

2L9 

3.06 

6.35 

a2 

2.6 

3.0 

3.1 

6.6 

5.76 

2.7 

3.9 

3.35 

6.8 

6.3 

2.7 

8.7 

3,4 

6.75 

6.15 

2.8 

3.4 

3.5 

6.65 

4.85 

2.75 

8.45 

3.7 

6.65 

4.8 

2.75 

3.2 

3.7 

&36 

4.66 

2.8 

3.0 

3.4 

6.6 

4.4 

2.9 

3.  OS 

3.2 

&36 

4.3 

2.8 

2.9 

3.1 

6.3 

4.2 

2.66 

3.0 

3.3 

6.2 

4.16 

2.7 

2.9 

3.4 

6.76 

4.1 

3.16 

2.85 

3.5 

7.15 

4.0 

3.3 

2L7S 

3.85 

7.8 

4.05 

3.2 

2.7 

4.2 

7.85 

3.85 

8.25 

2.6 

4.16 

7.-65 

3.66 

2.9 

2L6 

4.46 

7.3 

3.46 

2.8 

2.6 

4.45 

7.16 

3.6 

2.7 

2.5 

4.3 

7.3 

3.8 

2.85 

2.5 

3.96 

7.36 

3.65 

2.75 

2.4 

3.86 

7.2 

3.56 

2.75 

2.4 

4.45 

a86 

3.55 

2.7 

X4 

4.65 

6.85 

3.4 

2.6 

2.3 

4.7 

6.65 

3.35 

2.65 

2.3 

4.1 

6.46 

3.26 

2.8 

X3 

3.8 

8.06 

8.15 

Note.— Probable  ice  conditions  during  January,  February,  and  Biaroh. 
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Daily  discharge,  in  second-feetf  of  Roaring  Fork  at  Glemoood  Springs,  Colo.,  for  1909. 


Day. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

876 

376 

875 

450 

996 

3,040 

7,660 

1,640 

400 

400 

400 

480 

995 

2,820 

7,440 

1,700 

400 

400 

875 

610 

1,040 

3,850 

7,660 

1,640 

450 

375 

400 

546 

1,200 

6,020 

7,780 

1,370 

480 

875 

400 

680 

1,800 

6,530 

8,740 

1,270 

610 

400 

425 

545 

2,160 

8,160 

7,320 

1,220 

480 

400 

426 

610 

2.220 

8,730 

6,310 

1,320 

4S6 

400 

400 

480 

2,580 

9,190 

5,860 

1,320 

450 

375 

350 

480 

2,620 

9,060 

6,040 

1,420 

426 

400 

875 

610 

2,760 

8,840 

4,450 

1,370 

400 

400 

875 

645 

8,040 

8,840 

4,850 

1,370 

400 

400 

400 

510 

8,040 

8,160 

3,890 

1,420 

876 

40O 

400 

460 

2,620 

8,730 

8;  630 

1,530 

450 

400 

450 

510 

2,360 

8,160 

3,460 

1,420 

4i0 

360 

425 

610 

2,220 

8,040 

3,300 

1,270 

425 

350 

425 

650 

2,480 

7,820 

3,220 

1,320 

400 

850 

450 

730 

2,620 

9,080 

3,140 

1,820 

876 

350 

460 

1,190 

2,750 

9,800 

2,990 

2,000 

400 

375 

425 

1,240 

3,270 

11,200 

3,060 

1,880 

40O 

350 

460 

1,200 

3,860 

11,300 

2,760 

1.940 

375 

325 

460 

906 

3,760 

10,800 

2,470 

1,530 

425 

300 

460 

810 

4,280 

9,940 

2,200 

1,420 

450 

300 

425 

810 

4,280 

9,580 

2,200 

1,320 

425 

300 

450 

810 

4,020 

9,940 

2,600 

1,480 

376 

325 

425 

855 

3,430 

10,100 

2,470 

1,370 

350 

350 

450 

1,040 

3,270 

9,700 

2,330 

1,370 

400 

300 

450 

1,340 

4,280 

8,860 

2,380 

1,320 

400 

300 

450 

1,600 

4,640 

8,860 

2,130 

1.220 

376 

425 

1,400 

4,730 

8,380 

2,060 

1,270 

360 

450 

1,190 

8,680 

7,900 

1,040 

1,420 

300 

460 

3,190 

1,700 

1,820 

Sept. 


1. 
2. 
8. 
4. 

6. 

6. 

7. 
8. 
9. 
10. 

11 
12 
18 
14 
15 

16 
17, 
18. 
19. 
80. 

21 
22 
23 
24 
25, 

26 
27 
28. 
29 
30 
31 


1,640 
1.420 
1,370 
1,420 
1,530 

2,840 
2,840 
2,540 
2,130 
2,200 

1,880 
1,640 
1,700 
1,530 
1,640 

1,530 
1,480 
1,370 
1,320 
1,220 

1,220 
1,220 
1,120 
1,120 
1,030 

1,030 

1,030 

035 

935 


NoTB.— Tbeae  discharges  are  based  on  rating  eurves  applicable  as  follows:  Jan.  1  to  June  18,  well 
defined.    June  19  to  Sept.  80,  well  defined. 

Monthly  discharge  of  Roaring  Fork  at  Glenwood  Springs,  Colo.,  for  1909. 


Month. 


January 

February. . . 

March 

April 

May 

June 

July 

August 

September. 


The  period. 


Dlaebarge  in  second-feet. 


Maximum.   Minimum.      Mean. 


510 

400 

460 

1,500 

4,730 

11.300 

8.740 

2,000 

2,840 


300 

300 

350 

450 

995 

2.820 

1.700 

1.220 

935 


410 

362 

421 

782 

2,910 

8,360 

4,070 

1,480 

1,530 


Run-ofl 
(total  hi 
acre-feet). 


25.200 
20,100 
26,900 
46,600 
179,000 
497,000 
250,000 
91,000 
91,000 


1.230,000 


Accu- 
racy. 


TRTZVa  PAV  EXVZK  AT  BASALT,  COLO. 

This  station,  which  was  established  July  19,  1908,  is  located  at  the 
wooden  hi^way  bridge  about  100  yards  from  the  Colorado  Mid- 
land Railroad  depot  and  about  75  yards  downstream  from  a  con- 
crete arch  bridge  in  the  town  of  Basalt.  It  was  discontinued  Sep- 
tember 30,  1909. 

This  station  is  near  the  mouth  of  the  stream  and  the  records  show 
the  total  run-off  from  the  drainage  basin. 
95620^— wsp  269—11 11 
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Diversions  above  are  limited  to  ditches  for  meadow  irrigation. 
The  stream  afTords  good  opportunities  for  power  and  storage  develop- 
ment. 

Heavy  ice  prevails  during  the  winter  months,  and  gage  readings 
are  at  times  distorted  by  the  backwater  caused  by  the  freezing  of  the 
river  below.  Slush  ice  also  interferes  with  the  determination  of  dis- 
charge. 

The  location  and  datum  of  the  staff  gage  at  the  bridge  have 
remained  unchanged  during  the  maintenance  of  the  station. 

The  accuracy  of  the  measurements  is  affected  by  the  roughness  of 
the  stream  bed  and  the  high  current  velocities  during  flood  periods. 

Discharge  measurements  of  Frying  Pan  River  at  Basalt^  Colo.,  in  1909. 


Date. 


Jan.  16a 
Mar.  I9a 
Apr.  23 
June  23 
July  12 
Aug  6 
Oct.   12 


Hydrographer. 


C.L.Chatfleld 

do 

..:..do 

Chatfleld  and  Snelson,  Jr 

W.  H.  Snelson,  Jr 

do 

Russell  and  Weaver 


width. 


Fett. 
46.6 
46.5 
•  64.7 
62.5 
60.8 
46.5 
46.5 


Area  of 
sectkm. 


^^■i- 

Feet. 
1.32 

75 

1.40 

92 

1.80 

252  • 

4.50 

178 

3.25 

105 

2.00 

97.5 

1.8 

Oa^e      Dta- 
heignt '  charge. 


Sec-it. 
67 
78 
147 
2,060 
760 

15B 


sloe  along  edges. 

Daily  gage  height^  infeety  of  Frying  Pan  River  at  Basalt,  Colo.,  for  1909, 
[J.  G.  Ould,  observer.l 


Day. 


1 

2. 
3 

4. 
5. 

6. 

7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


Jan.       Feb.       Mar.       Apr.       May.     June.      July.      Aug.      Sept. 


3.4 

3.4 

3.45 

3.25 

3.15 

1.65 

1.65 

1.55 

1.5 

1.45 

1.4 

2.46 

2.4 

2.3 

1.5 

1.45 

1.3 

1.3 

1.35 

1.3 

1.3 

1.3 

1.3 

1.85 

1.4 

1.5 

1.^ 

1.5 

1.6 

1.65 

1.75 


1.95 

2.06 

2.15 

2.0 

2.06 

2.1 
2.1 
2.1 
2.0 
2.0 

1.86 

1.66 

1.55 

1.6 

1.4 

1.4 

1.4 

1.46 

1.45 

1.45 

1.6 

1.56 

1.6 

1.5 

1.4 

1.4 

1.45 

1.4 


1.4 
1.4 
1.4 
1.4 
1.4 

1.4 
1.4 
1.4 
1.4 
1.45 

1.55 

1.6 

1.6 

1.55 

1.6 

1.65 

1.45 

1.4 

1.4 

1.6 

1.5 
1.46 
1.4 
1.45 
1.46 

1.5 

1.46 

1.4 

1.4 

1.46 

1.46 


1.45 

1.5 

1.5 

1.5 

1.6 

1.66 

1.5 

1.35 

1.4 

1.45 

1.65 

1.5 

1.5 

1.5 

1.6 

1.7 

1.95 

2.1 

2.26 

2.35 

2.15 
1.85 
1.85 
1.85 
1.86 

2.05 
2.25 
2.35 
2.25 
2.1 


2.0 

1.95 

2.0 

2.25 

2.65 

2.7 
2.8 
2.9 
2.85 
2.95 

3.05 

3.1 

2.95 

2.8 

2.8 

3.05 

2.95 

3.1 

3.25 

3.45 

3.5 

3.65 

3.7 

3.5 

3.4 

3.4 

3.56 

3.8 

3.8 

3.45 

3.2 


3.1 

3.15 

3.46 

3.85 

4.35 

4.65 

4.8 

4.9 

4.85 

4.6 

4.6 
4.5 
4.6 
4.6 
4.6 

4.55 

4.9 

5.1 

6.35 

6.2 

6.16 
4.76 
4.75 
4.75 
4.75 

4.46 
4.45 
4.35 
4.15 
4.15 


4.0 

3.96 

3.96 

4.0 

4.35 

3.9 
3.6 
3.4 
3.3 
3.2 

3.15 

3.0 

2.95 

2.9 

2.0 

2.8 

2.75 

2.65 

2.6 

2.65 

2.6 

2.56 

2.65 

2.56 

2.6 

2.4 

2.4 

2.25 

2.25 

2.2 

2.1 


2.05 

2.15 

2.1 

2.15 

2.05 

2.1 

2.15 

2.1 

2.2 

2.15 

2.15 
2.15 
2.25 
2.15 
2.0 

2.0 
2.2 
2.5 
2.5 
2.3 

2.2 
2.1 
2.1 
2.1 
2.1 

2.0 
2.0 
2.1 
2.1 
2.2 
2.55 


2.5 
2.4 
2.3S 
2:4 

2.45 
2.45 
14 
2.3 

2.35 

2.2 
2.2 
2.2 
2.2 
2.2 

2.2 
2.2 
2.2 
2.15 
2.1 

2.0 
2.0 
2.0 
1-95 
1.9 

1.9 
1.8 
1.8 
1.8 
1.7 


Note.— Ice  conditions  from  Jan.  1  to  15  and  from  Jan.  26  to  Feb.  14. 
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Daily  discharge f  in  second-feet y  of  Frying  Pan  River  at  Basalt ^  Colo. ^  for  1909. 


my. 

Jan. 

Feb. 

Mar. 

Apr. 

72 
80 
80 
80 
98 

80 
80 
60 
65 
72 

89 
80 
80 
80 
98 

118 
177 
218 
264 
298 

233 
152 
152 
152 
152 

204 
2W 
298 
264 
218 

May. 

June. 

July. 

1,460 
1,400 
1,400 
1,460 
1,880 

1,350 

1,040 

870 

795 

726 

692 
600 
570 
640 
640 

490 
465 
418 
395 
375 

395 
375 
375 
375 
365 

315 
315 
2&1 
264 
248 
218 

Aug. 

Sept. 

1 

65 
65 
65 
65 
65 

65 
65 
65 
65 
72 

89 
98 
98 
89 
98 

89 
72 
65 
65 
80 

80 
72 
65 

72 
72 

80 
72 
65 
65 
72 
72 

190 
177 
190 
264 
417 

440 
490 
540 
515 
670 

630 
660 
570 
490 
490 

630 
670 
660 
760 
910 

960 

1,090 

1,140 

950 

870 

870 
995 
1,240 
1,240 
910 
725 

660 

602 

910 

1,300 

1,880 

2,280 
2,490 
2,630 
2,560 
2,210 

2,210 
2,080 
2,210 
2,210 
2,210 

2,140 
2,630 
2,930 
3300 
3,080 

3,000 
2,420 
2,420 
2,420 
2,420 

2,020 
2,020 
1,880 
1,640 
1,640 

204 
233 
218 
233 
204 

218 
233 
218 
248 
233 

233 
233 
264 
233 
190 

190 
248 
365 
355 
280 

248 
218 
218 
218 
218 

190 
190 
218 
218 
248 
376 

375 

2        

366 

3 

1 

316 

4       

1 

264 

6 

316 

6 

336 

7 

1 

336 

8 

315 

9      .     

280 

10 

264 

11 

248 

12    

248 

13 

248 

14 

248 

15 

65 

65 
65 
72 
72 
72 

80 
89 
98 
80 
65 

65 
72 
65 

248 

16 

72 
55 
55 
60 
55 

55 
55 
55 
60 
65 

248 

17 

248 

18 

248 

19 

233 

20 

218 

21 

190 

22 

190 

23 

190 

24 

25 

26  

177 
164 

164 

27   

140 

28 

■  140 

29 

140 

30 

118 

31 

Note.— Theae  discharges  are  based  on  a  rating  curve,  well  defined  between  50  and  2^00  second-feet. 
Dally  discbarge  for  ice  periods  Jan.  1  to  15  and  Jan.  26  to  Feb.  14,  estimated  as  76  second-feet. 

Monthly  discharge  of  Frying  Pan  River  at  Basalt,  Colo.,  for  1909. 


Month. 


January 

February... 

March 

April 

May 

June 

July 

August 

September.. 


Discharge  In  second-feet. 


Maximum. '  Minimum. 


298 

1,240 

3,300 

1,880 

375 

375 


65 
60 
177 
660 
218 
190 
118 


The  period . 


Mean. 


60.8 
74.1 
73.8 

146 

682 
2,150 

676 

238 

240 


Run-oll 
(total  in 
acre-feet). 


4 
4 

4 

8, 
41 
128; 
41 
14 
14 


,290 

,120 
540 

,090 
900 

,000 
600 
600 
300 


262,000 


Accu- 
racy. 


C. 
C. 
B. 
B. 
A. 
B. 
A. 
A. 
A. 


CRYSTAL  RIVER  NEAR  CARBOKDALE.  COLO. 

This  station,  which  was  established  July  18,  1908,  is  located  on  a 
single-span  highway  bridge  150  feet  above  a  section  house,  at  a  rail- 
road point  known  as  Sewell,  on  the  Redstone  branch  of  the  Denver  & 
Rio  Grande  Railroad.  It  is  about  5  miles  above  Carbondale.  Sta- 
tion was  discontinued  September  30,  1909. 

No  important  tributaries  enter  below  the  station,  but  Thompson 
Creek  comes  in  a  short  distance  above.  The  drainage  area  of  the 
river  below  the  mouth  of  Thompson  Creek  is  about  300  square  miles. 
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Several  irrigation  ditches,  with  a  combined  maximum  capacity  of 
probably  100  second-feet,  divert  water  above.  The  fall,  nm-off,  and 
storage  sites,  however,  make  this  essentially  a  power  stream,  especially 
on  the  upper  reaches.  Present  power  plants  above  the  station  gener- 
ate i,150  horsepower.     (See  PI.  V,  A,) 

Ice  during  the  winter  months  prevents  the  use  of  open-channel 
methods  of  calculating  the  discharge. 

No  change  has  occurred  in  either  location  or  datum  of  the  staff 
gage  at  the  bridge  during  the  maintenance  of  the  station. 

Except  as  affected  by  ice,  the  results  at  this  station  are  satisfactory. 

Discharge  measurements  of  Crystcd  River  near  CarbondaUf  Colo.j  in  1909. 


Date. 

Hydrographer. 

Width, 

Area  of 
section. 

he^t. 

char^e. 

Jan.   15 
Mar.  18 

C.  L.  Chatneld 

do 

Feet. 
52 
52 
54 
50.5 
57 
55 
48.5 

Sq./t 
126 
128 
147 
386 
275 
210 
134 

Feet. 
1.85 
1.80 
2.50 
5.48 
3.06 
2.80 
2.20 

See.fU 
111 
97 

Apr.  22 
June  22 

.do 

286 

Chatfield  and  Snelaon,  jr 

3,160 
1  170 

July   12 
Aug.    7 
Oct.    11 

do      

do 

445 

Russell  and  Weaver 

185 

Daily  gage  height ^  in  feet y  of  Crystal  River  near  CarbondaUy  Colo. ,  for  1909. 
[Alfred  Blotham,  observer.) 


Day. 


1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12. 
13 
14, 
15. 

16, 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1.60 

2.20 

1.75 

1.85 

2.75 

3.80 

6.45 

3.05 

2.65 

1.65 

2.15 

1.75 

1.90 

2.70 

8.80 

5.45 

2.95 

2.75 

1.60 

2.00 

1.80 

2.10 

2.75 

4.40 

5.35 

2.85 

2.80 

1.60 

2.00 

1.80 

2.10 

2.95 

6.50 

5.45 

2.80 

2.05 

1.65 

1.90 

1.80 

2.05 

3.45 

5.90 

5.45 

2.85 

3.10 

1.70 

1.90 

1.80 

2.06 

3.70 

6.90 

5.25 

2.70 

3.40 

1.70 

1.90 

1.75 

2.10 

3.70 

6.40 

5.05 

2.65 

3.60 

1.60 

1.90 

1.75 

2.00 

3.80 

5.80 

4.90 

2.55 

8.46 

1.60 

1.90 

1.75 

2.00 

3.85 

5.55 

4.75 

2.65 

S.SO 

1.70 

1.90 

1.75 

1.90 

4.06 

5.45 

4.45 

2.65 

S.55 

1.70 

1.90 

1.75 

1.90 

3.95 

5.60 

4.20 

2.96 

2.40 

1.70 

1.90 

1.80 

1.90 

3.85 

5.50 

4.06 

2.90 

8.85 

1.80 

1.80 

1.80 

1.90 

3.65 

5.40 

4.15 

3.05 

325 

1.90 

1.70 

1.80 

1.95 

3.50 

5.20 

3.96 

2.85 

2.90 

1.90 

1.66 

1.70 

2.10 

3.45 

5.30 

3.90 

2.65 

2.70 

1.90 

1.70 

1.75 

2.30 

3.65 

5.45 

3.80 

2.80 

2.45 

1.76 

1.70 

1.85 

2.75 

3.75 

5.66 

3.66 

3.06 

2.45 

1.66 

1.65 

1.85 

2.90 

3.90 

6.60 

3.60 

3.05 

2.15 

1.60 

1.60 

1.85 

3.00 

4.25 

5.95 

3.40 

3.00 

2.05 

1.60 

1.60 

1.85 

2.85 

4.40 

6.15 

3.35 

2.85 

2.00 

1.75 

1.60 

1.90 

2.80 

4.65 

6.06 

3.40 

2.66 

1.9S 

1.85 

1.66 

1.90 

2.70 

4.50 

5.90 

3.35 

2.50 

1.90 

1.80 

1.70 

1.90 

2.60 

4.45 

6.75 

3.45 

2.60 

1.85 

1.80 

1.65 

1.86 

2.60 

4.50 

6.70 

3.60 

2.60 

1.85 

1.75 

1.80 

1.85 

2.66 

4.56 

5.90 

3.40 

2.70 

1.80 

1.75 

1.75 

1.90 

2.75 

4.45 

5.90 

3.30 

2.85 

1.80 

1.75 

1.80 

1.90 

2.95 

4.60 

6.80 

8.35 

2.80 

1.76 

1.80 

1.70 

1.85 

3.10 

4.60 

5.60 

3.30 

2.55 

1.70 

1.80 

1.85 

2.95 

4.30 

6.35 

3.20 

2.65 

1.66 

1.80 

1.85 

2-76 

4.20 

6.25 

3.10 

2.65 

1.60 

2.20 

1.85 

4.06 

3.00 

2.70 

Note.— Open-water  conditions  probably  jirerailed  during  the  winter  months  except  the  period  Jan.  31 
to  Feb.  4. 
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Daily  dischargey  in  second-feety  of  Crystal  River  near  Carhondale,  Colo-t  for  1909. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1.... 

73 
67 
73 
73 
80 

87 
87 
73 
73 
87 

87 
87 
103 
121 
121 

121 
95 
80 
73 
73 

95 
112 
103 
108 

95 

95 
95 
103 
103 
103 
105 

105 
105 
105 
105 
121 

121 
121 
121 
121 
121 

121 
121 
103 

87 
80 

87 
87 
80 
73 
78 

73 

80 
87 
80 
103 

95 
103 
87 



95 
95 
103 
103 
108 

103 
95 
96 
05 
95 

95 
103 
108 
103 

87 

95 
112 
112 
112 
112 

121 
121 
121 
112 
112 

121 
121 
112 
112 
112 
112 

112 
121 
164 
164 
152 

152 
164 
141 
141 
121 

121 
121 
121 
131 
164 

216 
380 
451 
503 
427 

403 
357 
315 
315 
336 

380 
477 
559 
477 
380 

380 
357 
380 
477 
780 

965 

965 

1,040 

1,080 

1,260 

1,170 

1,080 

928 

815 

780 

928 
1,000 
1,120 
1,450 
1,610 

1,780 
1,720 
1,660 
1,720 

1,780 

1,660 
1.840 
1,840 
1,600 
1,400 
1,260 

1,040 
1,040 
1,610 
3,190 
3,950 

3,950 
4,970 
3,750 
3,280 
3,100 

3,370 
3,190 
3,020 
2,680 
2,850 

3,100 
3,460 
3,370 
4,060 
4,450 

4,250 
3,950 
3,660 
3,560 
3,950 

3,950 
3,750 
3,370 
2,940 
2,760 

3,100 
3,100 
2,940 
3,100 
3,100 

2,760 
2,440 
2,230 
2,020 
1,660 

1,400 
1,260 
1,350 
1,170 
1,120 

928 
815 
745 
712 

745 
712 
780 
815 
746 

679 
712 
679 
617 
559 
503 

531 
477 
427 
403 
427 

357 
336 
296 
336 
336 

477 
451 
531 
427 
336 

403 
531 
531 
503 
427 

336 
278 
278 
278 
357 

427 
403 
296 
296 
336 
357 

336 

2 

380 

3 .  ... 

408 

4 : 

477 

6 

560 

6 

746 

7 

890 

8 

780 

9 

815 

10 

862 

11 

746 

12 

712 

13 

648 

14 

451 

15 .  . 

867 

16 

262 

17 

262 

18 

176 

19 

152 

20 

141 

21 

131 

22 

121 

23 

112 

24 

112 

25 

103 

26 

108 

27 

95 

28 

87 

29 

80 

30 

73 

31... 

Note.— These  discharges  are  based  on  a  rating  curve  that  is  well  defined  below  a  discharge  of  1,000  second 
feet.     Discharges  estimated  Jan.  31  to  Feb.  4. 

Monthly  discharge  of  Crystal  River  near  CarbondaUy  Colo.^  for  1909, 


Month. 


January 

February... 

March 

April 

May 

June 

July 

August 

September., 


The  period. 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean. 


121 

121 

121 

559 

1,840 

4,970 

3,100 

531 

890 


67 

73 

87 

112 

357 

1,040 

503 

278 

73 


91.8 

98.8 

106 

260 

1,180 

3.320 

1,440 

393 

372 


Run-off 

(total  in 

acre-feet). 


5,640 

5,490 

6,520 

16,000 

72,600 

198,000 

88,500 

24,200 

22,100 


439,000 


Accu- 
racy. 


B. 
B. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 


DIVIDE   CREEK  BASIN. 
DESORIPTIOZr. 

Divide  Creek  enters  Grand  River  from  the  south  side,  about  6 
miles  below  Newcastle,  Colo.  It  is  formed  by  the  junction  of  East 
and  West  Divide  creeks  a  few  nules  above  the  mouth  of  the  stream. 
The  run-off  is  derived  chiefly  from  the  melting  snows  in  the  spring 
and  from  rain. 
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WX8T  DIVIDS  CBSSK  AT  HOSTUTLS&'S  BAVOH,  HEAS  RAVEH,  COLO. 

This  station,  which  was  established  July  27,  1909,  is  located  5  miles 
above  Raven  post  office,  Colo.,  one-fourth  of  a  mile  below  the  head- 
gates  of  the  High  Line  ditch  and  2  miles  above  the  head  of  the  Porter 
ditch. 

Gage  readings  were  discontinued  for  the  season  on  September  20, 
1909. 

The  vertical  staff  gage  is  fastened  to  a  large  overhanging  cotton- 
wood  tree  on  the  right  bank  about  300  feet  west  of  J.  K.  Hostutler's 
house. 

Discharge  measurements  are  made  by  wading  in  the  vicinity  of  the 
gage. 

The  following  discharge  measurement  was  made  by  W.  B.  Freeman 
and  R.  E.  Vickery: 

July  27, 1909;  width,  10  feet;  area,  89  square  feet;  gage  height,  1.00  feet;  discharge, 
15.1  second -feet. 

Daily  gage  height^  infeet^  of  West  Divide  Creek  at  Hostutler's  ranch  near  Raven,  Colo., 

for  1909. 

[J.  K.  Hostutler,  observer.] 


Day. 

Juljfc 

Auj?. 

0.65 

.7 

.7 
'.6 

.6 

.6 

.85 

.7 

.6 

.7 

Sept.  1 
0.85 

r 

.85 

1.1 
1.2 
1.15 
1.0 
.9 

Day. 

July. 

Aug. 

Sept. 

0.85 
1.1    1 
1.1 
1.05 
.95 

.9 

.8 

.75 

.7 

.7 

Day. 

I 
July.   Aug.    SepU 

1 

11 

0.8 
.85 
.7 
.6 
.55 

.6 
.85 

1.0 

1.1 
.95 

21 

22 

23 

0.85    

2 

12  .   .   . 

.85     -    

3 

13 

.9      

4 

14..     . 

24 

1.05    . 

6 

15 

25 

.8      

6 

16 

26 

.7      

7 

17 

27 

1.0 
.95 

.85 

.8 

.7 

.7      

8 

18 

28 

.6      

9 

19.. 

29    

.6 

10 

20 

30 

.65 

31 

.8 

WB8T  DrTIDE  CREEK  AT  RAVEN,  COLO. 

This  station,  which  was  established  July  27,  1909,  is  located  at 
Raven  post  office,  Colo.,  14  miles  south  of  Newcastle. 

The  vertical  staff  gage  is  about  150  feet  downstream  from  a  liigh- 
way  bridge,  at  which  high-water  discharge  measurements  will  be 
taken.  Numerous  ditches,  of  which  the  High  Line  and  the  Porter 
are  the  most  important,  divert  water  above  this  station. 

Fair  results  should  be  obtained  at  this  station.  Ice  affects  the 
gage  heights  for  a  few  months  during  the  winter  season. 

The  following  discharge  measurement  was  made  by  W.  B.  Freeman: 

July  27,  1909;  width,  4.6  feet;  area,  3.7  square  feet;  gage  height,  1.18  feet;  dis- 
charge, 4.2  second-feet.    Made  by  wading  below  gage. 
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Daily  gage  height,  in  feet,  of  West  Divide  Creek  at  Raven,  Colo.,  for  1909. 
[John  F.  Collins,  observer.] 


Day. 


9. 
10. 

11. 
12. 
13. 
14. 
16. 


July.   Aug. 


1.1 
1.1 
1.1 
1.1 
1.1 

1.1 

1.1 

1 

1 

1.1 

1.2 

1.2 

1.1 

1 

1.05 


Sept.    Oct. 


1.3 
1.3 
1.3 
1.3 
1.3 

1.3 

1.65 

1.5 

1.5 

1.4 

1.4 

1.65 

1.55 

1.55 

1.5 


1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 


Nov. 


1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 


Dec. 


1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 


Day. 


July. 


1.15 

1.1 

1.0 

1.2 

1.2 


Aug. 


1.1 

1.2 

1.25 

2 

1.6 

1.5 

1.2 

1.25 

1.35 

1.35 

1.15 

1.2 

1.1 

1.2 

1.2 

1.2 


Sept. !  Oct.  ;  Nov. 


1.4 

1.2 

1.4 

1.2  , 

1.3 

1.2 

1.3 

1.2 

1.3 

1.2 

1.3 

1.2 

1.3 

1.2 

1.3 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2  j 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 


Dec. 


1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 
1.2 


Daily  discharge,  in  second-feet,  of  West  Divide  Creek  at  Raven,  Colo.,  for  1909. 


Day. 

July. 

Aug. 

Sept. 

I 

2.5 
2.5 
2.5 
2,6 
2.5 

2.5 
2.6 
1.0 
1.0 
2.6 

5.0 
5.0 
2.5 
1.0 
1.8 

8.5  1 

2 

8.5 
8.5 
8.5 
8.5 

8.5 
28 
18 
18 
13 

13 

28 
22 
22 
18 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

5.0 
5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 
5.0 


5.0 
5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 
5.0 


Dec. 


5.0 
5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5,0 
5.0 
6.0 

5.0 
5.0 
5.0 
5.0 
5.0 


Day. 


16 

17 

IS 

19 

20 

21 

22 

23 

24 

25 

26 

27 

3.8 

28 

2.5 

29 

1.0 

30 

5.0 

31 

5.0 

July. 


Aug. 


2.5 
5.0 
6.8 

61 

18 

18 
5.0 
6.S 
10.8 
10.8 

3.8 
5.0 
2.5 
5.0 
5.0 
5.0 


Sept. 


13 

13 
8.6 
8.6 
8.6 

8.5 
8.5 
8.5 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 
6.0 


Oct. 


5.0 
6.0 
6.0 
6.0 
5.0 

5.0 
5.0 
5.0 
6.0 
5.0 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 


Nov. 

Dec. 

5.0 

5.0 

6.0 

5.0 

5.0 

5.0 

6.0 

5.0 

6.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

6.0 

Note.— These  discharges  are  based  on  a  curve  that  Is  well  defined  by  measurements  made  in  1910. 
Monthly  discharge  of  West  Divide  Creek  at  Raven,  Colo.,  for  1909. 


Month. 

Discharge  In  second-feet. 

Run-off 

Ctotalln 

acre -feet). 

Accu- 

Maximum. 

Minimum. 

1.0 
1.0 
5.0 
5.0 
5.0 
5.0 

Mean. 

racy. 

July  27-31 

6.0 

61 

28 
5.0 
5.0 
5.0 

3.46 
0.71 
11.4 
5.0 
5.0 
5.0 

34 
412 
678 
307 
298 
307 

B. 

August ... 

B. 

September 

B. 

October 

B. 

November 

B. 

December 

B. 

The  period 

2,040 
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SURFACE   WATER  SUPPLY,  1909,  PART  IX. 


MAMM   CREEK  BASIN. 


WX8T  MAMM  CRXSK  HEAR  BIFLB.  COLO. 


Mamm  Creek,  which  enters  Grand  River  from  the  south  about  4 
miles  upstream  from  Rifle,  Colo.,  is  formed  by  the  junction  of  West 
Mamm,  East  Mamm,  and  Middle  Mamm,  all  of  which  rise  on  the 
north  side  of  Battlement  Mesa. 

The  flow  of  this  stream  is  suppUed  by  melting  snow  in  the  spring 
and  by  rains.  Its  channel  is  usually  dry  or  nearly  so  during  the  late 
summer  and  fall. 

The  gaging  station,  which  was  established  July  26, 1909,  is  located 
just  south  of  J.  T.  Selby's  ranch  house,  9  miles  south  of  Rifle,  Colo., 
about  half  a  mile  above  the  mouth  of  Quakenasp  GKilch  Creek,  and 
three-fourths  of  a  mile  above  the  dam  site  of  a  proposed  irrigation 
reservoir,  which  has  a  capacity  of  a  few  thousand  acre-feet.  One 
ditch,  of  less  than  10  second-feet  capacity,  diverts  water  above  the 
•station.  The  waste  water  from  this  ditch  is  retiuned  to  the  creek  a 
few  feet  above  the  staff  gage. 

Beginning  November  16,  1909,  a  24-inch  trapezoidal  sharp-edge 
weir,  with  end  contractions,  was  used  to  measure  the  flow  of  the 
stream.  This  weir  is  located  about  50  feet  downstream  from  the 
gage.  Current-meter  measurements  are  made  at  various  sections 
in  the  vicinity  of  gage. 

Ice  exists  to  some  extent  for  quite  an  extended  period  during  the 
winter  season.  Conditions  at  this  station  are  not  conducive  to  the 
most  accurate  results,  especially  during  the  higher  stages,  when 
gage  heights  show  great  fluctuations  and  measurements  are  difficult 
to  make. 

Daily  gage  height^  in  feel,  of  West  Mamm  Creek  near  Rifle,  Colo,,  for  1909, 
[J.  T.  Selby,  obaeirer.] 


Day. 

July. 

Aug. 

Noy. 

Deo. 

Day. 

July. 

Aug. 

Nov. 

Deo. 

Day. 

July. 

Aug. 

Nov. 

Dee. 

1 

a6 

1.0 
.06 
.65 
.6 

a  21 

.21 
.21 
.21 
.21 

.21 
.21 
.21 
.21 
.21 

11 

1.2 

1.75 
.9 
.66 
.6 

1.2 

2.0 

.65 

.8 

.8 

asi 

.21 
.21 
.25 
.25 

0.21 
.21 
.21 
.21 
.21 

.21 
.21 
.21 
.21 
.21 

21 

1.15 

0.50 
.76 
.88 
.67 
.67 

.58 
.50 
.33 
.35 
25 

an 

2 

12 

22 

.21 

3 

13 

23 

.21 

4  , 

u 

24 

.21 

6 

15 

25 

.21 

6 

16 

26 

27 

28 

29 

30 

31 

1.0 

.21 

7 

17 

.21 

8 

18 

.21 

9 

19 

.38 

10 

20 

.42 

49 

Note.— Gage  heights  July  26  to  Aug.  28  are  from  staff  gage.    Readings  Noy.  16  to  Deo.  31  are  heads  oo 
the  weir.    Observer  recorded  in  inches,  and  his  reading  have  been  converted  into  dffdmate  of  a  foot. 


Digitized  by 


Google 


COLOBADO  KIVEE  BASIN.  169 

Daily  diKhargey  in  seccmd-feety  of  West  Mwnni  Creek  near  Rifie,  Colo,yfofr  1909. 


Day. 

Nov. 

Deo. 

Day. 

Nov. 

Dec. 

Day. 

Nov. 

Dec. 

1 

aa 

.6 
.6 
.6 
.6 

.6 

:1! 

.6 
6 

11 

0.6 

21 

2.4 
43 
6.0 
3.6 
3.6 

2.9 
2.4 

1.3 
.8 
.8 

0.6 

2 

12 

22. 

3 

13 

23 

4 

14      .          ... 

24 

6 

16 

26 

6 

16 

0.6 
.6 
.6 
.8 

.8 

26 

7 

17 

27 

8 

18 

28 

9 

19.., 

21 

10 

20 

30 

1.8 

1 

31 

1-8 

Non.— These  discharges  were  obtained  from  the  weir  formula  Q-3.33LHI.    See  Water-Supply  Paper 
200,  p.  162. 

Monthly  discharge  of  West  Mamm  Creek  near  Rifle,  Colo,,  for  1909, 


Month. 

Discharge  in  seoond-feet. 

Ron-ofl 

Ifinimam. 

Mean. 

(total  In 
acre-feet). 

Nov.  16-30 

2.0 
1.8 

.6 

2.03 
.68 

60 

December 

42 

NoTB.~The8e  estimates  are  approximate. 


GUNNISON  BITKK  BASIN. 


DBSOBIPTIOH. 


Oilnnison  River  is  formed  in  Gunnison  County,  Colo.,  by  the 
union  of  East  and  Taylor  rivers,  two  streams  that  originate  among 
the  snow-covered  peaks  and  on  the  slopes  of  the  Continental  Divide 
in  the  northeastern  part  of  the  county,  descend  through  narrow  moun- 
tain valleys,  and  \mite  about  12  miles  above  Gunnison.  From  the 
jimction  of  these  rivers  the  Gunnison  flows  west  and  southwest  to  the 
point  where  it  enters  Grand  River  at  Grand  Junction,  in  the  central 
part  of  Mesa  County,  Colo. 

The  upper  course  of  the  river  lies  through  a  broad,  mountainous 
valley,  but  near  the  mouth  of  Lake  Fork  the  valley  narrows  and  the 
river  enters  Black  Canyon  of  the  Gimnison,  through  which  it  winds 
in  a  tortuous  course  for  56  miles  between  granite  walls  that  rise  pre- 
cipitously 3,000  feet  above  the  water's  edge.  A  short  distance  below 
the  mouth  of  North  Fork,  the  largest  tributary  of  the  river,  the  canyon 
walls  break  abruptly,  and  the  valley  is  broad  and  fertile.  Below 
Delta  the  river  enters  another  narrow  canyon,  with  walls  averaging 
800  feet  in  height,  and  this  continues  irregularly  to  Grand  Junction, 
only  a  few  tracts  of  narrow  bottom  land  lying  between  the  channel 
and  the  canyon  walls. 

The  soil  of  the  lower  valleys  is  chiefly  adobe,  and  the  higher  mesas 
contain  much  gravel  and  sand.    Groves  of  quaking  aspen  interspersed 
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with  large,  open  grazing  plots  cover  broad  areas  of  this  plateau  region. 
On  the  top  of  the  Grand  Mesa  are  forests  of  pine  and  aspen,  and  pifLon 
and  cedar  grow  along  the  foothills.  In  the  valleys  chico  and  sage- 
brush form  the  principal  vegetation,  except  along  the  streams,  which 
are  bordered  in  places  by  cottonwood,  willow,  and  imdergrowth. 

The  chief  tributaries  of  the  Gimnison  are  Ohio,  Tomichi,  Lake  Fork, 
and  Cimarron  creeks,  and  Smith,  North  Fork,  and  Uncompahgre 
rivers.  North  Fork  being  the  largest. 

North  Fork  rises  in  the  Huntsman  Hills,  20  miles  south  of  Glen- 
wood  Springs,  flows  in  a  general  southerly  and  southwesterly  course, 
and  imites  with  the  Grxmnison  about  8  miles  west  of  Hotchkiss.  The 
drainage  area  is  mountainous,  except  for  a  small  portion  which 
lies  below  Paonia,  extreme  points  reaching  an  altitude  of  13,000  feet. 
The  mesa  lands  at  the  lower  end  of  the  valley  stand  5,500  feet  above 
sea  level.  The  higher  peaks  are  formed  of  granite  rocks,  but  lower 
down,  sedimentary  formations  occupy  at  least  80  per  cent  of  the  area 
of  the  basin.  The  moimtains  are  forested  and  the  mesa  lands  are 
covered  with  sagebrush.  All  the  tillable  lands  of  the  North  Fork  and 
its  tributaries  have  been  brought  under  cultivation,  and  irrigation 
is  practiced  to  such  an  extent  that  the  entire  flow  is  needed  for  existing 
systems. 

Uncompahgre  River,  the  principal  tributary  of  the  Gimnison  from 
the  south,  rises  among  the  snowy  peaks  of  the  highly  serrated  Uncom- 
pahgre Moim tains  and  flows  a  little  west  of  north  to  its  junction  with 
the  Gimnison  at  Delta.  The  basin  embraces  a  mountainous  plateau 
and  valley  area  of  1,130  square  miles,  oblong  in  shape,  the  width 
increasing  slightly  at  the  lower  end.  The  moimtain  area  occupies 
but  a  small  part  of  the  basin,  but  contributes  the  perennial  waters 
of  the  stream.  The  plateau  area  is  greatest  in  extent  and  borders 
the  valley  on  both  sides,  the  larger  Uncompahgre  Plateau  lying  to  the 
southwest.  Escarpments  are  conspicuous  features  of  this  plateau. 
The  relief  features  are  terraced  mesas  flanked  by  buttes  and  ridges 
and  trenched  by  deep,  narrow  canyons.  Uncompahgre  Valley  proper 
begins  at  a  point  near  Eldredge  siding,  on  the  Denver  &  Rio  Grande 
Railroad. 

The  other  tributaries  of  the  Gunnison  need  not  here  be  described. 
Ohio,  Tomichi,  Lake  Fork,  and  Cimarron  creeks  are  perennial  streams, 
but  almost  their  entire  volume  is  diverted  for  irrigation  during  the 
growing  season,  so  that  very  little  water  reaches  the  Gunnison  except 
at  times  of  heavy  storms  or  during  spring  floods. 

Precipitation  records  for  the  Gunnison  are  meager.  Those  which 
exist  show  a  range  from  9  inches  in  the  plateau  region  to  about  25 
inches  in  the  mountains. 

The  run-off  of  the  Gunnison  drainage  basin  is  conserved  to  a  large 
extent  by  four  forest  reserves,  which  have  a  total  area  of  about  5,700 
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square  miles,  of  which  approximately  3,800  square  miles  are  located 
within  the  basin.  About  65  per  cent  of  this  area  is  in  standing  tim- 
ber, the  remainder  being  classified  as  sagebrush,  barren,  and  burned. 
Investigation  of  the  headwaters  of  East  River  and  other  tributaries 
in  Gunnison  County  several  years  ago  discovered  that  many  of  the 
hills  had  been  almost  entirely  denuded  of  their  timber,  a  discovery 
to  which  may  be  attributed  the  setting  aside  of  the  areas  as  forest 
reserves. 

Along  Gunnison  River  proper  above  the  mouth  of  Lake  Fork  a 
number  of  ditches  divert  water  for  meadow  irrigation,  and  irrigation 
is  extensively  practiced  in  the  vicinity  of  Delta.  The  largest  irri- 
gated area  in  the  Gunnison  drainage  basin  is  the  Uncompahgre  Valley. 
In  addition  to  the  lands  being  irrigated  by  large  private  ditches,  this 
valley  contains  about  150,000  acres,  which  are  being  reclaimed  under 
the  Uncompahgre  project  of  the  United  States  Reclamation  Service. 
The  greater  part  of  the  water  for  this  land  is  diverted  from  Gunnison 
River  by  means  of  the  Gunnison  tunnel,  which  has  a  capacity  of 
1,300  second-feet.  The  formal  opening  of  Gunnison  tunnel  was  cele- 
brated at  the  west  portal  of  the  tunnel  September  23,  1909,  with  the 
President  of  the  United  States,  the  Secretary  of  the  Interior,  and 
officials  of  the  Reclamation  Service  in  attendance.  The  construction 
of  the  tunnel  was  begun  in  January,  1905,  and  the  actual  opening 
through  the  tmmel  was  completed  July  6, 1909.  The  present  water 
rights  consume  the  normal  flow  of  Uncompahgre  River,  and  the 
Uncompahgre  Valley  project  will  divert  all  the  available  water  from 
Gunnison  River  during  normal  stages. 

The  country  is  not  adapted  for  large  reservoirs,  the  meadows  hav- 
ing so  much  fall  and  the  valleys  being  so  narrow  that  construction 
would  be  expensive  in  proportion  to  reservoir  capacity.  However,  a 
large  number  of  small  reservoirs  exist  on  the  Gunnison  and  its  trib- 
utaries, which  can  be  advantageously  utilized  for  power. 

Power  plants  at  present  in  operation  in  this  basin  develop  about 
2,200  horsepower,  and  there  are  many  sites  unutiUzed.  The  fall 
along  some  of  the  streams  is  heavy,  ranging  from  50  to  150  feet  to 
the  mile.  Along  the  Uncompahgre,  from  its  source  to  the  8,000-foot 
contour,  the  fall  is  almost  300  feet  to  the  mile.  At  the  present  time 
the  waters  in  this  basin  are  being  used  for  domestic  purposes, 
irrigation,  and  power.  By  utilizing  all  the  available  storage  it  would 
theoretically  be  possible  to  develop  about  200,000  horsepower. 
Along  the  South  canal  of  the  United  States  Reclamation  Service, 
which  receives  the  water  from  the  Gunnison  tunnel  and  carries  it 
into  Uncompaghre  River,  a  series  of  drops  will  make  possible  the 
development  of  from  5,000  to  10,000  horsepower. 

But  two  gaging  stations  were  maintained  previous  to  1900,  but 
since  that  year  a  number  have  been  established  and  discontinued. 
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The  records,  as  a  rule,  cover  about  three-year  periods,  and  show  that 
1904  was  the  driest  and  1907  the  wettest  year.  By  comparison  with 
other  drainage  basins  adjacent  to  the  Gunnison,  however,  it  is  evi- 
dent that  1902  was  a  drier  year  than  1904. 

omnffisozr  bivx&  at  river  portal,  oolo.* 

This  station,  which  was  established  April  7,  1905,  replaced  the  sta- 
tion located  at  Cimarron,  about  12  miles  above.  It  is  about  300  feet 
above  the  portal  of  the  Gunnison  tunnel  and  is  about  21  miles  north- 
east of  Montrose. 

The  station  is  about  8  miles  below  the  mouth  of  Crystal  Creek,  and 
is  above  North  Fork  and  Uncompahgre  River,  the  two  most  important 
tributaries. 

A  number  of  small  ditches  divert  water  for  meadow  irrigation 
above  the  station.  The  largest  diversion  along  the  river,  and  also  in 
Colorado,  is  the  recently  completed  Gunnison  tunnel,  with  a  capacity 
of  about  1,300  second-feet,  which  diverts  the  water  from  the  Gunni- 
son into  the  Uncompahgre  Valley,  where  it  will  be  used  for  irrigation.' 

Ice  covers  the  river  for  about  four  months  each  year  and  attains 
a  thickness  of  1  to  2  feet.  No  winter  records  of  discharge  have  been 
obtained. 

The'  original  staflF  gage,  which  was  bolted  to  the  cliflF  on  the  right 
bank  of  the  river,  was  dislodged  by  driftwood  on  June  4,  1909.  Prior 
to  this  date  no  change  occurred  in  the  location  or  datum  of  this 
gage. 

From  June  5  to  19  an  old  high-water  gage,  about  100  feet  upstream 
on  the  left  bank,  was  read.  The  datum  of  this  gage  is  10.08  feet 
lower  than  that  of  the  original  gage.  The  readings  were  reduced 
to  the  original  datum.  This  auxiliary  gage  could  not  be  used  after 
June  19,  as  the  water  surface  had  fallen  too  low.  On  August  9,  1909, 
a  new  staff  gage  was  installed  at  the  same  location  and  datum  as 
the  original  gage.  This  gage  was  broken  off  by  ice  November  20, 
1909. 

Discharge  measurements  were  made  from  a  cable  located  a  few 
feet  downstream  from  the  original  gage  site. 

The  accuracy  of  the  estimates  of  daily  and  monthly  discharge  is 
impaired  by  lack  of  sufficient  discharge  measurements  to  cover  slight 
shifting  of  channel,  and  changes  resulting  from  the  dumping  of 
dfibris  from  the  Gunnison  tunnel  into  the  river  below  the  station. 

This  station  is  maintained  under  the  supervision  of  the  United 
States  Reclamation  Service.  Computations  of  discharge  have  been 
made  by  engineers  of  the  United  States  Geological  Survey. 

1  This  station  was  referred  to  in  previous  reports  as  at  east  nortai  of  Gunnison  tunnel. 
*  The  Gunnison  tunnel  and  Uncompahgre  project  are  described  in  the  reports  of  the  United  States  Rec- 
lamation Service. 
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Discharge  measurements  of  Gunnison  River  at  River  Portal j  Colo.,  in  1909. 


Date. 

Hydrographer. 

Width. 

Feet. 
210 
210 
208 
206 
205 

Area  of 
section. 

he^t 

Dis- 
charge. 

June    8 

A.  L.  B.  Moser 

Sq.ft. 
2,750 
2,700 
2,570 
2,510 
2,460 

FeeL 
15,78 
15.48 
14.98 
14.68 
14.48 

Sec.-ft. 
13,000 

9 

do         

12,900 

10 

do 

11,900 

11 

do                           

11,600 

12 

..do ] 

11,400 

Note.— The  gage  readings  for  above  measorements  are  reduced  approximately  to  original  gage  datum. 
The  measurements  were  made  by  the  subsurface  method,  the  reduction  ooeffici^t  used  oeing  0.92. 

Daily  gage  height,  infect,  of  Gunnison  River  at  River  Portal,  Colo.,  for  1909. 
[John  DiU  and  W.  T.  Blight,  observers.] 


Day. 

Apr. 

May. 

June. 

Aug. 

Sept. 

Oct. 

Nov. 

Day. 

Apr. 

May. 

June. 

Aug. 

Sept 

Oct. 

Nov. 

\:::. 

6.... 

6.... 
7.... 
8.... 
9.... 
10.... 

11.... 
12.... 
13.... 
14.... 
16.... 

6.3 

6.46 

6.8 

6.9 

6.9 

6.4 

6.35 

6 

6.2 

6.2 

6.1 
6.2 
6.3 
6.4 
6.85 

7.8 
7.8 
7.9 
8.5 
9.9 

10.3 

11 

11.8 

10.9 

11.4 

11.8 
11.6 
11.1 
10.8 
10.7 

11 

10.3 

11.7 

13.3 

14.8 

15.1 
15.4 
15.7 
15.6 
15 

14.6 

14.3 

14.6 

14 

13.9 

*"7.'2" 
7.1 

7.3 

7.35 

7.4 

7.4 

7.4 

7.9 
7.6 
7.6 
7.7 
7.9 

10.16 
9.7 
9.35 
8.96 

8.6 

8.4 

8.2 

8.5 

8.46 

8.4 

7 

7 

7 

6.9 

6.9 

6.96 

7.15 

7.1 

7 

6.9 

7 

6.9 

6.9 

6.9 

6.7 

5.8 

6.8 

6.9 

6.95 

6.9 

6.8 
6.7 
5.6 
6.6 
6.7 

5.9 

5.7 

6.76 

6.7 

5.7 

16.... 
17.... 
18.... 
19.... 
20.... 

21.... 
22.... 
23.... 
24.... 
26.... 

26.... 
27.... 
28.... 
29.... 
30.... 
31 

7.6 

8 

8.8 

9.16 

9 

8.1 

7.86 

7.6 

7.4 

7.6 

7.9 
8.6 
8.9 
8.7 
8.2 

11.3 

11.2 

12 

12.2 

12.3 

12 

12.7 

12.6 

12.1 

11.6 

12 

12.7 

13 

12.7 

12 

11.6 

13.7 
14.2 
14.6 
14.7 

7.36 

7.2 

7.46 

7.66 

7.6 

7.6 
7.4 
7.2 
7.4 
7.46 

7.2 

7.2 

7.1 

7 

7.46 

7.7 

8.3 
8.2 
8.2 
8 

7.8 

7.7 
7.6 
7.6 
7.4 
7.3 

7.2 
7.1 
7.1 
7 

7 

6.7 
6.6 
6.6 
6.5 
6.6 

6.5 
6.4 
6.3 
6.2 
6.15 

6.1 

6 

6 

6 

6.9 

6.85 

6.4 
6 

5.16 
6.2 

Daily  discharge,  in  second-feet,  of  Gunnison  River  at  River  Portal,  Colo,,  for  1909, 


Day. 

Apr. 

May. 

June. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

1,050 
1,150 
1,400 
1,480 
1,480 

1,120 

1,080 

865 

985 

985 

925 

985 

1,050 

1,120 

1,440 

2,010 
2,520 
3,480 
3,790 
3,660 

2,620 
2,360 
2,100 
1,920 
2,010 

2,410 
3,070 
3,540 
3,300 
2,730 

2,300 
2,300 
2,410 
3,070 
4,890 

5,500 
6,660 
8,060 
6,490 
7,360 

8,060 
7,710 
6,840 
6,320 
6,150 

7,180 
7,010 
8,410 
8,760 
8,940 

8,410 
9,640 
9,460 
8,680 
7,710 

8,410 
9,640 
10,200 
9.640 
8,410 
7,540 

6,660 
5,500 
7,880 
10,700 
10,800 

12,200 
12,500 
13,000 
12,700 
12,100 

11,500 
11,100 
11,400 
10,700 
10,500 

10,200 
11,000 
11,400 
11,600 

2,410 
2,100 
2,100 
2,200 
2,410 

6,270 
4,600 
4,120 
3,600 
3,070 

2,960 
2,730 
3,070 
3,010 
2,960 

2,840 
2,730 
2,730 
2,520 
2,300 

2,200 
2,100 
2,010 
1,920 
1,820 

1,740 
1,650 
1,650 
1,560 
1,560 

1,560 
1,560 
1,560 
1,480 
1,480 

1,520 
1,690 
1,650 
1,560 
1,480 

1,660 
1,480 
1,480 
1,480 
1,330 

1,330 
1,260 
1,260 
1,180 
1,180 

1,180 

1,120 

1,050 

985 

955 

926 
865 
865 
865 
810 
785 

760 

2 

760 

3 

810 

4 

838 

6 

810 

6 

760 

7 

710 

8       

665 

9 

1,740 
1,650 

1,820 
1,870 
1,920 
1,920 
1,920 

1,870 
1,740 
1,960 
2,060 
2,100 

2,100 
1.920 
1,740 
1,920 
1,960 

1,740 
1,740 
1,650 
1,560 
1,960 
2,200 

620 

10 

710 

11 

810 

12 

710 

13 

736 

14 

710 

15               

710 

16 

680 

17 

440 

18 

488 

19 

505 

20 

21              ....          .. 

22 

23 

24 

25 

26               

27 

28  ..                  

29 

30 

31 

Note.— These  discharges  were  obtained  from  rating  curves  applicable  as  follows:  Apr.  1  to  June  4,  and 
Aug.  9  to  Nov.  19,  well  defined  below  8,000  second-feet;  June  5  to  June  19,  well  defined. 
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Monthly  discharge  of  Gunnison  River  at  River  Portal^  Colo. y  for  1909. 


April 

May 

June  1-19... 
Aug.  9-31.. 
September. 

October 

Nov.  1-19 . . 


Month. 


The  period. 


Discharge  in  seoond-feet. 


Maximum.  Minimum. 


3,790 
10,200 
13,000 
2,200 
5,270 
1,090 


865 
2,300 
5,500 
1,560 
1,560 
785 
440 


Run-off 
(total  in 
Mean.    !  ^^^^^)- 


1,950 

.  7,160 

10,800 

1,870 

2,600 

1,270 

691 


116,000 
440,000 
407,000 
85.300 
155,000 
78,100 
26,000 


1,310,000 


Accu- 
racy. 


UHCOXPAHORB  BIVXR  AT  FORT  CRAWFORD,  COLO. 

This  station,  which  was  established  October  2,  1907,  to  obtain 
information  concerning  the  water  supply  above  the  principal  diver- 
sions in  the  Uncompahgre  Valley,  replaces  the  station  near  Colona 
which  was  established  August  10,  1903.  Its  present  location  is  at  a 
highway  bridge  across  Uncompahgre  River  about  half  a  mile  west 
of  Fort  Crawford,  in  sec.  36,  T.  48  N.,  R.  9  W. 

The  station  is  located  just  below  the  mouth  of  Horsefly  Creek.  A 
number  of  large  private  irrigation  ditches  divert  water  above  this 
station.  Existing  power  plants  generate  about  1,800  horsepower. 
Opportunity  for  extensive  power  development  is  found  on  the  head- 
waters. 

Thick  ice  forms  along  the  edges  of  the  river  during  the  winter 
months.  The  channel  remains  open  at  the  station,  but  slush  ice 
affects  the  accuracy  of  the  results  at  times.  The  channel  scours 
during  high  stages  and  silts  during  periods  of  low  water. 

On  June  21,  1908,  the  rod  gage,  which  was  established  October  2, 
1907,  was  washed  out.  On  July  7,  1908,  a  temporary  chain  gage 
was  installed.  The  zero  of  this  gage  was  placed  1.95  feet  below  the 
zero  of  the  rod  gage.  On  July  23,  1908,  a  permanent  rod  gage  was 
installed,  the  zero  of  which  corresponds  to  0.70  foot  on  the  first  rod 
gage,  and  to  2.65  feet  on  the  chain  gage. 

During  1909  the  chain  gage,  established  July  7,  1908,  was  used. 
In  the  early  part  of  1910  a  new  rod  gage  was  established  with  a 
datum  3.20  feet  lower  than  that  of  the  chain  gage.  The  readings 
for  1909  have  been  reduced  to  this  datum. 

This  station  was  maintained  under  the  supervision  of  the  United 
States  Reclamation  Service. 
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Discharge  measurements  of  Uncompahgre  River  at  Fort  Crawford^  Colo.,  in  1909. 


Date. 

Hydrogrspher. 

Width. 

Area  of 
section. 

Gaee   1    Dls- 
height,  charge. 

Apr.  16 

July  19 

27 

R  M.Adams 

Feet. 
56.5 
54 
58 
61 
57.5 

70 
97 
118 
98 
71 

Feet. 

tm 

2.00 
2.60 
145 
1.30 

'"■t^ 

..do 

361 

do                .           

502 

AUR.  19 
Oct.      6 

.do 

457 

do 

266 

Daily  gage  height,  in  feet,  of  Uncompahgre  River  at  Fort  Crawford,  Colo.,  for  1909. 


Day. 

Aug. 

Sept. 

Oct. 

Day. 

Aug. 

Sept. 

Oct 

Day. 

Aug. 

Sept. 

Oct. 

1 

2.1 

2.25 

2.4 

2.06 

2.9 

2.6 

2.5 

2.4 

2.15 

2.0 

1.2 
1.2 
1.2 
1.2 
1.4 

1.35 
1.25 
1.25 
1.25 
1.2 

11 

1.9 

2.0 

2.05 

1.95 

2.3 

2.3 
2.2 
2.3 
2.4 
2.35 

1.85 

2.1 

2.15 

2.0 

1.95 

2.0 

2.05 

1.9 

1.9 

1.8 

1.2 

21 

2.25 
2.2 

1.7 
1.6 
1.6 
1.5 
1.5 

1.4 

1.4 

1.45 

1.35 

1.25 

2 

12 

22 

3 

13 

23.:.::::::: 

4 

14 

24 

2.3 
2.25 

2.25 

2.25 

2.15 

2.2 

2.3 

2.25 

6 

. 

15 

25. 

6 

2.0 

2.15 

2.15 

2.15 

2.0 

16 

!26 

7 

17  .   .   . 

27 

0.9 

8 

18 

28 

1.0 

9 

19.. 

1  29 

10. 

20 

30 

i 

31 

Daily  discharge,  in  second-feet,  of  Uncompahgre  River  at  Fort  Crawford,  Colo.,  for  1909. 


Day. 

Aug. 

Sept. 

Oct. 

Day. 

Aug. 

Sept. 

Oct 

Day. 

Aug. 

Sept. 

Oct 

1 

240 
240 
240 
240 
240 

245 

300 
300 
300 
245 

380 
480 
535 
355 

885 

660 
670 
605 
460 
380 

230 
230 
230 
230 
305 

285 

250 
250 
250 
230 

11 

210 
245 
260 
230 
365 

365 
320 
365 
410 
390 

315 
435 
515 
435 
410 

435 
460 
385 
440 
390 

230 
230 
230 
230 
230 

230 
230 
230 
140 
140 

21 

345 
320 
345 
365 
345 

400 
400 
350 
375 
420 
400 

340 
300 
300 
260 
305 

265 
265 
285 
250 
210 

140 

2 

12 

22 

140 

3 

13 

23 

140 

4 

14 

24 

140 

5 

15 

25 

140 

6 

16 

26 

140 

7 

17 

27 

140 

8 

18 

28 

165 

9 

19 

29  . 

150 

10 

20 

30 

150 

31 

150 

Note.— These  discharges  were  obtained  by  the  indirect  method  for  shifting  channels.    Discharges 
estimated  for  days  when  gage  was  not  read. 

Monthly  discharge  of  Uncompahgre  River  at  Fort  Crawford,  Colo.,  for  1909. 


Month. 

Discharge  hi  second-feet. 

Run-off 
(total  hi 
acre-feet). 

Ac- 

Maximum. 

Minimum. 

210 
210 

Mean. 

cu- 
racy. 

August 

317 
414 
200 

19,500 
24,600 
12,300 

c 

September 

885 

C. 

October 

D. 
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SURFACE  WATEB  SUPPLY,  19W,  PART  IX. 
nVOOMPABMLI  miVXR  AT  MOVTEOIS,  COLO. 


This  station^  which  was  reestabUshed  April  22,  1903,  to  obtain  for 
the  United  States  Reclamation  Service  definite  infonnation  concern- 
ing the  amount  of  water  carried  by  the  Uncompahgre,  is  located  at 
the  iron  highway  bridge  just  west  of  Montrose  and  one-fourth  mile 
west  of  the  Denver  &  Rio  Grande  Railroad. 

The  station  is  about  2  miles  above  Happy  Canyon  Creek  and  is  also 
above  Cedar  and  Spring  creeks.  Large  irrigation  ditches  divert 
water  between  this  station  and  that  at  Fort  Crawford.  Existing 
water  rights  control  the  normal  flow  of  this  river  for  irrigation.  Above 
these  diversions,  however,  opportunities  exist  for  storage  and  power 
development.  Established  plants  generate  about  1,800  horsepow^. 
Open-channel  conditions  obtain  at  this  station,  although  thick  ice 
usually  forms  along  the  edges.  Slush  and  anchor  ice  sometimes 
influence  the  accuracy  of  the  results.  The  flow  is  controlled  dining 
the  irrigation  season  by  the  large  diversions  above.  The  flow  at  this 
point  will  also  be  affected  by  the  inflow  from  the  south  canal  of  the 
United  States  Reclamation  Service  when  that  canal  is  completed. 

Neither  the  location  nor  the  datum  of  the  staff  gage,  which  is  20 
feet  upstream  from  the  bridge,  has  been  changed  during  the  mainte- 
nance of  the  station. 

Results  obtained  are  good  except  during  winter  periods  and  ex- 
treme low  water. 

This  station  is  maintained  under  the  supervision  of  the  United 
States  Reclamation  Service. 

Discharge  meamremenU  qf  Urwompohgre  River  at  MontroUj  Colo.,  in  1909, 


Date. 

Hydrogr^>h«r. 

Width. 

Area  of 

MCtiOO. 

Oace       Db- 
hei^t.  charge. 

June    7 

n,  If.  A^nif- 

FieL 
84 
28 
31.5 
28 
28 
33 
28 

58 
72 
53 
» 
83 
54 

Jted.   1  See.-n. 
ft.  10        1,070 

July  19 

do 

2.70            Itt 

27 

do 

3.10 
2.50 
2.70 
3,50 
2.«5 

224 

Aug.    5 
12 

...do 

80 

do 

124 

20 

do 

320 

Oct.     7 

do 

110 
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Daily  gage  height^  in  feet,  of  Uncompahgre  River  at  Montrou^  Colo.,  for  1909. 
[Thomas  Reeves,  observer.) 


Day. 


1.. 
2.. 
3.. 
4.. 
5.. 

6.. 
7.. 
8.. 
9.. 
10.. 

n. 

12. 
13. 
14. 
15. 

16.. 
17.. 
18., 
19.. 
20.. 

21.. 
22.. 
23.. 
24.. 
26.. 

26.. 
27.. 
28.. 
29.. 
30. 
31. 


Apr.       May.      June.      July.      Aug.      Sept.       Oct.       Nov. 


2.3 
2.3 
2.5 
2.5 
2.55 

2.5 

2.5 

2.3 

2.35 

2.5 

2.5 

2.4 

2.45 

2.5 

2.65 

3.05 
4.05 
4.15 
3.90 
3.55 

3.15 

2.7 

2.8 

2.85 

2.8 

2.7 

2.6 

3.15 

2.85 

2.5 


2.15 

2.25 

2.1 

2.6 

3.5 

3.55 

3.6 

3.6 

3.2 

3.1 

3.5 

3.3 

3.4 

2.75 

2.45 

2.5 
2.5 
2.4 
2.7 
3.1 

2.7 

2.45 

2.55 

2.45 

2.55 

2.5 

2.55 

2.6 

2.65 

2.5 

2.15 


2.1 
2.2 
2.5 
3.6 

4.8 

5.35 

5.8 

5.05 

4.9 

4.8 

5.0 

5.1 

5.35 

4.8 

4.95 

&35 

5.4 

5.45 

5.5 

5.45 

5.5 

5.6 

5.65 

i.6 

5.8 

5.3 
5.1 
4.9 
5.0 
5.0 


4.75 

4.55 

4.7 

4.55 

4.5 

4.5 
4.0 
3.7 
3.7 
3.6 

3.45 
2.95 
2.65 
2.45 
2.3 

2.45 

2.7 

2.5 

2.55 

2.5 

2.35 

2.55 

3.2 

3.75 

3.3 

3.1 

3.05 

2.8 

2.7 

2.9 

2.8 


2.8 

3.0 

2.6 

2.55 

2.7 

2.5 

2.5 

2.5 

2.45 

2.6 

2.7 

2.65 

3.0 

2.7 

3.1 

3.05 

2.8 

3.55 

3.2 

3.4 

2.95 
3.4 

3.2 
3.5 
3.2 

3.26 

3.05 

2.8 

2.95 

3.1 

3.6 


3.5 

3.05 

3.1 

3.75 

4.05 

4.7 

4.8 

4.45 

4.3 

4.15 

4.2 

3.9 

4.65 

4.3 

4.1 

4.2 
4.2 
4.1 
3.9 
3.65 

3.6 

3.4 

3.36 

3.2 

3.2 

3.0 

2.9 

2.76 

2.66 

2.55 


2.45 

2.4 

2.4 

2.4 

2.3 

2.3 

2.7 

2.6 

2.55 

2.6 

2.55 

2.5 

2.45 

2.4 

2.45 

2.5 
2.5 
2.5 
2.4 
2.45 

2.4 
2.5 
2.3 
2.2 
2.1 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 


2.5 

2.6 

2.5 

2.55 

2.5 

2.35 

2.25 

2.2 

2.1 

2.1 

2.05 

2.05 

1.95 

2.0 

2.05 

2.0 

2.05 

2.05 

2;^1 

2.1 

2.05 

2.15 

2.1 

2.1 

2.05 

2.05 

2.0 

2.05 

2.1 

2.1 


Daily  discharge,  in  aecond-feet,  of  Uncompahgre  River  at  Montrose,  Colo.,  for  1909. 


Day. 


Apr.   May.   June.   July.   Aug.   Sept.   Oct.   Nov. 


1.. 
2. 
3. 
4., 
5. 

6., 
7.. 
8., 
9.. 
10. 

11., 
12.. 
13.. 
14., 
15.. 

16.. 
17.. 
18.. 
19.. 
20.. 

21., 
22., 
23. 
24.. 
26.. 

26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


76 
75 
107 
107 
117 

107 
107 
75 
83 
107 

107 
90 
96 
107 
138 

236 
568 
610 
510 
386 

263 
148 
170 
188 
170 

148 
127 
263 
183 
107 


68 
46 
127 

370 

386 
402 
402 
277 
249 

370 
306 
338 
150 
98 

107 
107 
90 
148 
249 

148 
96 

117 
98 

117 

107 
117 
127 
138 
107 
52 


46 

60 

107 

402 

912 

1,200 

1,460 

1,040 

964 

912 

1,020 

1,070 

1,200 

912 

990 

1,200 
1,230 
1,250 
1,280 
1,250 

1,280 
1,340 
1,360 
1,340 
1,450 

1,170 
1,060 
958 
1,010 
1,010 


777 
864 
777 
752 

782 
524 
406 
406 
360 

316 
172 
110 
75 
53 

75 
119 
83 
92 
83 

60 
92 
237 
426 
267 

209 
196 
139 
119 
160 
139 


139 
183 
100 
92 
110 


76 
100 

119 
110 
183 
119 
209 

196 
139 
351 
237 
299 

172 
299 
237 
333 
237 

252 
196 
139 
172 
209 


333 
196 
200 
426 
646 

854 
90G 
728 
656 
688 

610 

484 
828 
666 
666 

610 
610 
566 
484 
388 

360 
299 
283 
237 
237 

183 
160 
129 
110 
92 


76 
67 
67 
67 
63 

63 
119 
100 

92 
100 

92 
83 
75 
67 
75 


83 

GO 
47 
41 
30 
30 

25 
26 
16 
21 
26 

21 
26 
25 
30 
30 

25 
36 
30 
30 
25 

25 
21 
26 
30 
30 


Note.— These  discharges  are  based  on  rating  curves  applicable  as  follows:  April  1  to  June  25,  well 
defined  between  30  and  600  seoond-feet;  June  26  to  Nov.  30,  not  well  defined. 
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Monthly  discharge  of  Uncompahgre  River  at  Montrose^  Colo,,  for  1909, 


April 

May 

June 

July 

August 

September.. 

October 

November,  i 


Month. 


The  period . 


Discharge  in  seomd-feet. 


Maximum.   ^tnimnTP.      Mean. 


610 
402 
1,450 
880 
360 
906 
119 
100 


186 

180 
1,020 

313 

182 

445 
63.7 
38.9 


Run-off 
(total  in 
acre-feet). 


11,100 
11,100 
60,700 
19,200 
11,200 
26,500 
3,920 
2,310 


146,000 


AjOCU- 

racy. 


B. 
B. 
A. 
A. 
A. 
A. 
B. 
B. 


ITHCOMPAHORB  BIVEB  NSAB  DELTA,  COLO. 

This  station  was  originally  established  April  29,  1903,  at  a  highway 
bridge  one-fourth  mile  above  the  Denver  &  Rio  Grande  Railroad 
bridge.  On  November  17,  1903,  it  was  removed  to  the  railroad 
bridge,  one-fourth  mile  northwest  of  the  depot  at  Delta,  Colo.  The 
vertical  gage  at  this  bridge  was  read  until  April  21,  1904,  when  an 
inclined  gage  was  installed  on  the  right  bank  near  the  bridge.  This 
gage  was  read  until  November,  1906,  when  a  staff  gage  was  installed 
at  the  present  location,  on  the  second  highway  bridge  2  miles  south 
of  Delta.  Observations  were  not  begun  at  this  gage  until  April 
21,  1907.     It  was  washed  out  September  6,  1909,  and  not  repaired. 

The  station  is  located  near  the  junction  of  the  Uncompahgre  with 
the  Gunnison  and  is  below  all  tributaries  and  diversions.  At  ordinary 
stages  the  flow  of  the  river  at  this  point  is  nearly  all  seepage  water 
from  the  irrigation  of  ditches  above.  During  the  irrigation  season 
the  ditches  consume  all  the  normal  flow. 

Results  are  probably  not  materially  affected  by  ice,  as  ice  does  not 
form  very  thick  except  along  the  edges  of  the  stream.  Slush  ice 
frequently  occurs. 

There  is  no  determined  relation  between  the  datum  of  the  last 
estabUshed  gage  and  the  several  earlier  gages,  and  the  datum  of 
the  gage  used  from  April  22,  1904,  to  November,  1906,  is  different 
from  that  of  the  previous  gage. 

Records  obtained  at  this  station  are  good  except  during  extremely 
low  stages. 

This  station  is  maintained  imder  the  supervision  of  the  United 
States  Reclamation  Service. 

The  daily  and  monthly  estimates  for  this  station  are  withheld 
until  more  high-water  measurements  have  been  obtained. 
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Discharge  measurements  of  Uncompahgre  River  near  Delta,  Colo,,  in  1909, 


Date. 

Hydrographer. 

Width. 

Area  of 
secUoou 

Qaee 
height. 

Dia- 
charge. 

Apr.  28 

R.  M.  Adams 

Feet. 
42 

48 
40 
48 

n 

98 
42.4 
61.4 
108 
60 

Feet. 
2.54 
2.45 
1.57 
1.70 
2.80 

'"a- 

June     5 

..  ..do 

294 

July   20 
29 

do 

21.] 

.  .  .do .  . 

43.3 

Aug.  20 
Oct.    22 

do 

356 

....do 

109 

Daily  gage  height,  in  feet,  of  Uncompahgre  River  near  Delta,  Celo.,for  1909. 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1 

1.8 
1.8 
1.8 
1.8 
1.9 

2.0 

2.1 

1.95 

1.9 

1.9 

1.9 
1.9 
1.9 
1.8 
1.8 

1.9 

1.75 

1.95 

2.4 

2.75 

3.4 

3.45 

3.65 

3.4 

3.25 

3.25 
3.25 
3.05 
2.65 
2.25 

1.95 

1.9 

1.9 

2.0 

3.0 

3.5 

3.95 

4.15 

4.25 

4.1 

3.95 

3.9 

3.9 

3.8 

3.75 

3.65 
3.45 
3.35 
3.4 
3.86 

3.8 

3.55 

3.15 

2.75 

2.5 

2.45 
2.0 
2.0 
2.0 
1.8 

1.7 

1.7 

1.65 

1.6 

1.6 

1.6 

1.7 

1.7 

1.65 

2.3 

2.5 

2.0 

1.85 

2.35 

2.15 

2.5 
2.5 
3.1 
3.5 
3.65 

4.5 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Day. 


Apr. 


16 

2.05 

17 

2.4 

18 

3.2 

19 

3.4 

20 

3.3 

21 

3.1 

22 

2.56 

23 

2.2 

24   

1.9 

25 

1.75 

26 

1.85 

27   

2.25 

28 

2.6 

29 

2.6 

30 

2.1 

31 

May. 

June. 

July. 

Aug. 

2.05 

3  86 

2.16 

2.0 

3.85 

2.3 

2.16 

4.3 

2.66 

2.55 

4.6 

3.0 

2.55 

4.4 

1.75 

2.65 

2.65 

4.35 

1.6 

2.6 

2.25 

4.1 

2.25 

2.55 

2.45 

4.2 

2.06 

2.35 

2.3 

4.25 

2.3 

2.45 

2.2 

4.1 

2.0 

2.5 

2.1 

4.05 

2.0 

2.45 

2.3 

3.95 

1.96 

2.6 

2.6 

3.85 

1.8 

2.25 

2.45 

.3.6 

1.7 

2.0 

2.3 

3.65 

1.7 

2.0 

2.15 

1.66 

2.2 

Sept 


Note.—  Gage  washed  out  on  Sept.  6. 

FREMONT  RIVER  BASIN. 
DESCRIPTION. 

Fremont  River  heads  in  the  eastern  slopes  of  the  Wasatch 
Mountains  in  Sevier  Count}^,  Utah,  one  of-  its  sources  being  Fish 
Lake.  It  flows  in  a  general  southerly  direction  to  Thurber,  from 
which  point  it  traverses  the  central  portion  of  Wayne  County  in  a 
general  easterly  direction  to  Hawksville,  where  it  turns  southward; 
it  joins  Colorado  River  about  8  miles  above  Hite,  Utah.  It  receives 
one  important  tributary,  Curtis  Creek,*  from  the  north  and  a 
number  of  smaller  streams,  including  Tantalus  and  Lewis  creeks, 
from  the  south.  The  lower  half  of  its  course  is  through  two  deep 
canyons  separated  by  a  valley.  On  the  upper  water  of  the  main 
river  is  what  is  known  as  Rabbit  Valley.  Both  Fremont  River  and 
Curtis  Creek  are  considerably  augmented  in  volume  by  springs  in 
their  canyons,  but  they  derive  the  greater  part  of  their  waters  from 
melting  snows  on  the  plateau. 

FREMONT  RIVER  NEAR  THURBER,  UTAH. 

This  station,  which  was  established  May  13,  1909,  is  located  about 
2  miles  (by  road)  south  of  Thurber,  Utah.  The  records  show  the 
total  amount  of  water  available  for  storage  in  a  reservoir  proposed, 
at  this  point. 


'  Called  Muddy  River  on  Qeneial  Land  Office  maps. 
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Pine  Creek  enters  about  2  miles  above  the  station.  This  creek 
and  springs  in  the  valley  just  above  the  station  furnish  much  of  the 
low-water  flow.  Most  of  the  normal  low-water  flow  is  diverted  above 
and  below  the  station  for  irrigation. 

The  staflF  gage  is  on  the  left  bank  about  2,000  feet  above  a  grist- 
mill. The  gage  height  records  are  probably  not  much  affected  by 
ice.     Discharge  measurements  are  made  from  a  cable  at  the  gage. 

As  the  bed  of  the  stream  is  of  a  shifting  character,  frequent  measure- 
ments are  necessary  for  reliable  estimates  of  daily  and  monthly 
discharge. 

Discharge  measurements  of  Fremont  River  near  Thurber^  Utah^  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
sectloD. 

Gaee 
height. 

Dis- 
charge. 

May   13 
June  30 

E.A.Porter 

Feet. 
29 
28 
28.5 
28.7 

64.4 

58 

37 

Feet. 
4.25 
4.35 
4.97 
5.02 

8ee.-fl. 
116 

. . . .do 

67.3 

Aug.  11 
30 

do 

111 

.do 

132 

Daily  gage  height^  infeet^  of  Fremont  River  near  Thwrher^  Utah,  for  1909, 
[John  Smith,  observer.) 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

4.7 

4.75 

4.8 

4.8 

4.85 

4.85 

4.9 

6.0 

5.0 

6.05 

4.96 

4.8 
4.6 
4.6 
4.65 

4.66 
4.4 
4.6 
4.6 
4.7 

4.7 

4.75 

4.7 

4.65 

4.46 

4.36 

4.5 

4.6 

4.5 

4.5 

4.4 

4.5 

4.56 

4.6 

4.6 

4.6 
4.6 
4.55 
4.6 
4.6 

4.66 

4.7 

4.66 

4.75 

4.6 

4.6 

4.65 

4.65 

4.7 

6.1 

5.0 
4.9 
4.95 
4.9 
4.9 

4.95 

4.9 

4.86 

4.7 

4.75 

4.7 

4.66 

4.7 

4.7 

4.65 

4.7 

4.8 
4.9 
5.26 
6.2 
5.15 

5.1 
6.0 
5.5 
5.4 
6.2 

6.25 

6.3 

6.26 

6.3 

6.26 

6.1 
6.0 
5.9 
5.8 
5.7 

6.6 

5.6 

5.5 

5.25 

6.0 

5.5 

5.66 

6.0 

6.1 

5.9 

5.9 

6.86 
5.9 
6.8 
6.76 
6.6 

6.7 
6.8 
6.86 
6.9 
6.8 

5.76 

5.65 

5.6 

5.6 

5.45 

5.3 

5.4 

6.36 

6.4 

5.4 

5.4 
6.36 
6.6 
5.6 
5.7 

5.8 

5.85 

5.9 

6.85 

5.8 

5.8 

5.75 

5.8 

5.75 

5.65 

5.7 

5.6 

5.55 

5.5 

6.6 

5.46 

5.4 

5.46 

5.5 

5.4 

6.36 

5.3 

6.26 

6.3 

5.36 

6.4 

5.5 

6.45 

5.4 

5.45 

5.4 

5.35 
6.3 
6.25 
5.25 
5.2 

6.0 

6.1 

5.15 

6.2 

6.2 

6.25 

5.3 

6.36 

5.4 

6.4 

5.45 
5.4 
6.45 
5.5 
5.45 

5.4 

5.45 

5.5 

6.45 

5.5 

5.5 

5.65 

5.5 

5.55 

5.6 

5.55 

2 

5.fi 

3 

5.65 

4 

5.6 

5 

5.5 

6...: 

5.6 

7 

5.5 

8 

545 

9      

5.5 

10 

5.55 

11 

5.5 

12 

5.55 

13 

4.25 
4.6 
4.65 

4.5 
4.5 
4.7 
4.8 
4.9 

4.9 
4.9 

4.8 
4.75 

4.8 

4.75 

4.6 

4.7 

4.5 

4.5 

4.55 

5.55 

14 

5.6 

15 

5.7 

16    

5.65 

17 

6.7 

IH 

19 

5.75 

5.8 

20 

5.9 

21 

5.85 

22            

5.8 

23 

5.75 

24     

5.8 

25 

5.75 

26 

5.7 

27 

5.65 

28 

5.7 

29 

5.75 

30 

•     5.7 

31 

5.7 
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Daily  discharge,  in  sefxmd-feet,  of  Fremont  River  near  Thvrbery  Utah,  for  1909. 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

136 
140 
144 
143 
145 

143 
145 
154 
152 
154 

142 

127 
107 
105 
100 

108 
85 
100 
100 
108 

107 
111 
105 
99 
81 

70 
83 
82 
81 
67 

71 
78 
82 
86 
86 

86 
86 
81 

85 
85 

88 
92 
88 
97 
84 

83 
87 
87 
91 
128 

119 
110 
113 
109 
109 

112 
107 
102 
89 
93 
89 

83 

88 
88 
83 
88 

96 
106 
139 
134 
128 

119 
226 
165 
156 
228 

244 
251 
246 
253 
248 

234 
226 
216 
207 
198 

189 
190 
179 
154 
132 
184 

185 
235 
240 
223 
223 

218 
223 
212 
207 
191 

202 
213 
218 
223 
213 

207 
194 
189 
179 
174 

159 
169 
164 
169 
160 

169 
164 
179 
189 
189 

207 
218 
218 
213 
209 

209 
202 
209 
201 
190 

196 
185 
180 
175 
176 

160 
163 
169 
175 
163 

158 
153 
148 
153 
158 

163 
164 
169 
163 
163 
163 

153 
148 
143 
143 
138 

143 
128 
133 
138 
138 

142 
149 
152 
157 
157 

162 
157 
162 
168 
162 

157 
162 
167 
162 
167 

167 
172 
167 
172 
176 

171 

2 

176 

3   

181 

4 

176 

5   

166 

6   

176 

7 

166 

8        

161 

9 

166 

10   

171 

11  

166 

12 

171 

13 

116 
150 
145 

137 
136 
150 
163 
172 

171 

170 
168 
153 
156 

150 
134 
141 
121 
120 
120 

171 

14 

176 

15  

174 

16  

179 

17 

174 

18    

189 

19 

195 

20 

205 

21 

200 

22 

195 

23 

189 

24 

195 

25   

189 

26 

184 

27 

179 

28 

184 

29 

189 

30 

184 

31 

184 

Note.— These  discharges  wero  obtained  by  the  indirect  method  for  shifthig  channels. 

Monthly  discharge  of  Fremont  River  near  Thurher,  Utah,  for  1909. 


Month. 


May  13-31 . . 

June 

July 

August 

September. . 

October 

November. . 
December.. 


The  period. 


Discharge  in  seoond-feet. 


MftviTniiTn.   Minimum.      Mean. 


172 
154 
128 
253 
240 
218 
176 
205 


116 
67 
71 
83 
159 
148 
128 
161 


146 
114 
93.  ( 
170 
196 
180 
165 
180 


Run-off 
(total  in 
acie-lieet). 


5,600 
6,780 
6,760 
10,500 
11,700 
11,100 
9,220 
11,100 


71,600 


Accu- 
racy. 


MUDDY   CREEK   NEAR   EMERY,    UTAH. 

Muddy  Creek  rises  in  the  eastern  slopes  of  the  Wasatch  Moun- 
tains in  the  extreme  southern  corner  of  Sanpete  County  and  joins 
Curtis  Creek  about  8  miles  below  Emery,  Utah.  Curtis  Creek  flows 
southeasterly  across  Emery  County  and  enters  Fremont  River  near 
HawksviUe,  Utah. 

The  station  was  originally  established  April  29,  1909,  at  Jacob- 
son's  ranch,  about  7  miles  above  and  northwest  of  the  town  of  Emery, 
Utah. 

The  station  is  below  all  tributaries  and  above  all  diversions. 
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Prior  to  August  25,  1909,  records  were  obtained  by  measuring  down 
to  the  water  surface  from  a  reference  point  on  a  flume  in  which  dis- 
charge measurements  were  made.  A  staff  gage  was  installed  at  the 
same  location  and  datum  on  August  25.  During  August  great  vari- 
ations in  discharge  were  caused  by  heavy  rains,  which  washed  out  the 
gage  and  so  altered  the  section  that  the  station  had  to  be  reestab- 
lished at  a  new  location  September  18  several  hundred  feet  upstream. 
A  staff  gage  was  installed  at  a  different  datum  and  a  cable  erected, 
from  which  cable  section  discharge  measurements  will  be  made. 

Discharge  meaaurements  of  Muddy  Creek  near  Emery,  Utah,  in  1909, 


Date. 

Hydrographer. 

Width. 

•Area  of 
section. 

Qase 
hei^t 

Dis- 
charge. 

Jane  13 

E .  A .  Porter 

Feet. 
24 
17 
17 

IS 

18 

Feet. 

3.40 

1.90 

al.98 

al.20 

8ee.-ft. 
247 

Aug.  25 

do 

48 

Sept.  18 

do 

55 

Dec.    3t> 

db 

<-3.8 

o  Oage  height  from  new  gage  set  Sept.  18  at  a  different  location  and  datum  from  the  one  previously 
used, 
b  Creek  frozen  over  along  the  entire  course;  6  inches  of  ice  at  gage. 
e  Estimated. 

Daily  gage  height,  in  feet,  and  discharge,  in  second-feet^  of  Muddy  Creek  near  Emery,  Utah, 

for  1909. 
[Melvin  Sorenson,  observer.] 


• 

April. 

May. 

June. 

July. 

August. 

Day. 

Gage 
height. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

Gage 
heli^t 

Dis- 
charge. 

he^t 

Dis- 

Gage  1    Dis- 
height.  charge. 

1 

1.85 

1.95 

2.5 

2.7 

2.6 

1.4 

44 
53 
119 
146 
132 

12 
15 
18 
21 
24 

53 
112 
119 
119 
106 

181 
254 
270 
224 
188 

232 
195 
188 
174 
210 

292 
224 
217 
202 
174 
202 

8.25 

3.75 

3.7 

3.75 

8.7 

3.7 

3.6 

3.06 

3.6 

3.5 

3.6 

3.46 

3.5 

3.46 

3.45 

3.45 
3.46 
3.35 
3.35 
3.36 

3.3 
3.3 
3.2 
3.2 
3.16 

3.1 

3.1 

3.0 

2.95 

2.8 

224 
300 
292 
300 
292 

292 
277 
284 
262 
262 

262 
254 
262 
254 
254 

254 
254 
240 
240 
240 

232 
232 
217 
217 
210 

202 
202 
188 
181 
160 

2.75 

2.7 

2.65 

2.5 

2.36 

2.35 

2.3 

2.3 

2.25 

2.25 

2.46 

2.5 

2.5 

2.46 

2.46 

2.4 

2.4 

2.46 

2.45 

2.46 

2.46 

2.4 

2.6 

2.46 

2.46 

2.46 

2.35 

2,36 

2.36 

2.3 

2.3 

153 
146 
126 
119 
100 

100 
94 
94 

88 
88 

112 
119 
119 
112 
112 

106 
106 
112 
112 
112 

112 
106 
119 
112 
112 

112 
100 
100 
100 
94 
94 

2.35  1 

2 

2  3    ' 

3 

2.2    1 

4 

2  3 

6 

2.3      r 

6 

7 

2.i 
2.05 

8 

9 

.............. 

10 

1.6 

1.95 

2.45 

2.5 

2.5 

2.4 

2.95 
3.45 
3.55 
3.25 
3.00 

3.3 

3.05 

3.0 

2.9 

3.15 

3.7 

3.25 

3.2 

3.1 

2.9 

3.1 

11 

12 

13 

2.1 
2.0 
2.0 

2.0 

14 

• 

15 

16 

17 

18 



19 

20 

21 

22 

23 

24 

2.1 
1.9 

1.9 
1.9 
1.9 
1.9 

25 

26 

27 

28 

29 

1.9 
1.8 

48 
40 

30 

31 

Note.— The  daily  discharges  are  based  on  a  rating  curve  that  is  fairly  well  defined  between  40  and  300 
seoond-feet. 
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Monthly  discharge  of  Muddy  Creek  near  Emery,  Utah,  for  1909. 
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Month. 


May. 
June 
July. 


Diacharge  in  second-feet. 


M<^*t'*"TlTn-    MlniTn^^Tn.       Mean. 


292 
300 
153 


12 
160 


146 
245 
109 


Run-off 
(total  in 
acre-feet). 


8,980 
14,600 
6,700 


Accu- 
racy, 


ESCALANTE  RIVER    BASIN. 
ESCALANTE   GREEK  NEAR  E80ALANTE,   UTAH. 

Escalante  River  rises  in  the  southern  part  of  Garfield  County,  Utah, 
under  the  walls  forming  the  east  face  of  the  Table  Cliff  Plateau;  flows 
first  northeast,  then  east,  and  finally  southeast,  and  enters  the  Colo- 
rado in  Kane  County  about  12  miles  above  the  mouth  of  the  San 
Juan.  It  is  90  miles  long,  and  the  lower  three-fourths  of  its  course 
is  through  a  narrow  canyon  whose  vertical  walls  range  in  height  from 
900  to  1,200  feet.  Through  this  gorge  the  river  sweeps,  in  places 
filling  the  whole  space  from  wall  to  wall,  in  places  winding  from  side 
to  side  in  a  flood  plain  of  sand  and  shifting  its  position  more  or  less 
with  every  freshet. 

In  the  upper  part  of  its  course  it  is  joined  by  several  tributaries, 
all  of  which  flow  through  close  canyons. 

A  gaging  station,  established  August  5,  1909,  is  located  on  Esca- 
lante Creek,  one  of  the  headwaters  of  Escalante  River,  at  the  head 
of  the  canyon,  about  2  miles  below  the  town  of  Escalante,  Utah. 
The  records  show  the  total  amount  of  water  available  for  storage  in 
an  excellent  reservoir  site  at  this  point. 

The  principal  tributaries  above  are  Birch  Creek,  entering  about  6 
miles  upstream,  and  Pine  Creek,  which  enters  just  above  the  station. 
Practically  all  the  normal  low-water  flow  is  diverted  above  the  sta- 
tion for  irrigation  in  and  near  Escalante,  the  run-off  at  the  station 
representing  only  the  surplus  water. 

Estimates  of  winter  discharge  are  very  unreliable.  The  shifting 
nature  of  the  stream  bed  makes  accurate  interpretation  of  the  results 
difficult: 

The  first  gage  used  was  located  about  20  feet  below  the  mouth  of 
Pine  Creek.  It  was  washed  out  by  a  severe  flood  August  31,  which 
scoured  out  the  bed  of  the  creek  about  3  feet  and  changed  the  loca- 
tion of  the  channel.  From  September  1  to  November  12  records 
were  kept  of  the  depth  of  water  at  a  point  near  the  gage  site.  On 
November  13  a  new  gage  was  set  35  feet  above  the  old  one  and  the 
observer's  readings  for  the  intervening  period  referred  to  the  new 
datum.    The  records  for  this  period  are  only  approximate. 
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Discharge  meaturemenU  of  Escalante  Creek  near  EBcalanU,  Utah^  in  1909. 


Date. 

Hydrogrepher. 

Width. 

Area  of 
sectioD. 

l^^t. 

Dis- 
charge. 

Aug.  5  a 

E.  A.  Porter 

Feet. 

Sq.ft. 

Feet 
1.85 
2.06 

Sec-fl. 
g.0 

Nov.  13  & 

do 

11 

7.9 

13.5 

a  Made  by  floats,  ooeflicient  0.8  used. 

b  Made  by  wadiog  below  gage  installed  this  date  at  different  datum. 

Daily  gage  heightf  in  feet y  of  Escalante  Creek  near  Escalante,  Utah,  for  1909. 
[D.  C.  Shurts,  observer.) 


Day. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

2.0 
2.6 

2.0 

"2.66 

i"i 

2.1 
2.2 

Day. 

Aug. 

Sept 

Oct. 

Nov. 

Dec 

1 

3.7 
4.7 
3.2 
4.1 

2.0 
3.56 
2.0 

"ii" 

2.0 
2.0 
2.0 

2. 6' ' 

2.2 
"2.'2' 

"i'.ib 

1.7 
1.76 
1.66 
1.6 

"'i'.k' 

1.8 

""'i.s' 
'""2,2 
...... ^. 

2.0 

16 

17 

18 

19 

20 

21 

22 

28 

24 

26 

6.2 
2.0 
6.2 
3.6 
2.7 

3.7 
2.1 
2.6 
3.3 

2.0 

1.6 

2.0 
2.0 

"2.6  * 

2 

2.6 

2.2 

1.65 

10 

2.4 

1.8 

1.9 
3.7 
1.6 
3.1 
1.8 

1.76 

2.1 

1.8 

2.0 

2.6 

2.1 
'"2.'2" 

1.8 
1.8 

2.0 

2.8 

10 

1.76 

2.0 

3.1 

11 

26 

27 

2.4 

2.16 

12.  ... 

1.76 

2.0 

8.1 

13 

1.9 
1.7 

28 

29 

30 

31 

2.8 
8.2 
4.7 
10.2 

2.2 
'2.3' 

14. 

1.76 

1.95 

itt 

16 

2.0 

2.3 

1.76 

3.1s 

Note.— Gage  heights  Aug.  6  to  31  refer  to  gage  installed  Aug.  6.    Oage  heights  Sept.  1  to  Nor.  13, 
reduced  to  datum  of  new  gage  installed  Nov.  13  and  are  approximate.    See  description. 

Daily  discharge,  in  second-feet,  of  Escalante  Creek  near  Escalante,  Utah,  for  1909. 


Day. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

127 
243 
79 
170 

18 
17 
16 
17 

0 

12 
12 
12 
12 

16 

17 

18 

19 

443 

12 

304 

107 

12 
15 
18 
16 

3 
2 
2 
4 

12 
IS 
12 
12 

29 

2 

36 

3 

13 

4 

36 

5 

7 

91 

18 

12 

20 

42 

15 

7 

12 

31 

6 

9.5 

12 

18 

13 

21 

127 

16 

7 

12 

36 

7 

127 

112 

18 

14 

22 

15 

15 

7 

12 

42 

8 

3 

12 

12 

14 

23 

31 

16 

7 

12 

48 

9 

70 

14 

6 

12 

15 

24 

88 

18 

6 

12 

a» 

10 

7 

15 

6 

18 

16 

25 

57 

17 

6 

13 

70 

11 

6 

12 

5 

14 

16 

26 

26 

16 

6 

12 

70 

12 

8 

12 

6 

9.5 

16 

27 

37 

17 

6 

12 

70 

13 

9.5 

12 

4 

12 

18 

28 

48 

18 

6 

12 

68 

14 

6 

12 

3 

12 

20 

29 

520 

20 

6 

11 

66 

15 

112 

12 

3 

12 

22 

30 

31 

243 
670 

22 

6 
6 

11 

70 
74 

Note.— These  discharges  are  based  on  a  rating  curve  that  is  not  well  defined. 

Monthly  discharge  of  Escalante  Creek  near  Escalante,  Utah,  for  1909. 


Month. 


Mean 
discharge 
in  second- 
feet. 


Run-off 
(total  in 
acre-feet). 


August  5-31 

September 

October 

November 

December 

Note.— These  estimates  are  only  approximate.     See  description. 


116 
39.6 
8.19 
10.8 
33.2 


6,210 

2,310 

501 

643 

2,010 
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SAN  JTTAN  BIVE&  BASIN. 
DESCRIPTION. 

San  Juan  River  rises  among  the  snow  masses  that  crown  the  high 
peaks  of  the  San  Juan  Mountains  in  southwestern  Colorado,  flows 
southwestward  into  New  Mexico,  then  swings  to  the  west  and  north- 
west, passing  from  San  Juan  County,  N.  Mex.,  across  the  extreme 
southwestern  comer  of  Colorado  into  San  Juan  County,  Utah,  in  the 
southwestern  part  of  which  it  unites  with  the  Colorado. 

For  the  first  75  miles  of  its  course  the  San  Juan  is  a  typical  mountain 
stream,  but  at  Canyon  Largo,  N.  Mex.,  where  it  turns  westward,  its 
character  changes,  and  it  occupies  a  broad,  winding,  sandy  channel 
in  an  arid  valley,  bordered  on  each  side  by  terraced  mesas.  Below 
the  mouth  of  Mancos  River  the  valley  narrows  and  the  river  bottom 
is  bounded  by  abrupt  bluffs,  broken  and  cut  by  dry  water  channels, 
and  merging  farther  on  into  the  walls  of  a  deep,  narrow,  box  canyon, 
in  which  the  river  flows  to  its  end. 

The  drainage  area  includes  portions  of  four  States  and  Territories. 
Its  topography  ranges  from  the  mountainous  types  at  the  headwaters 
in  Colorado  to  the  types  exemplified  in  the  valleys,  plateaus,  and 
eroded  mesas  of  Utah,  New  Mexico,  and  Arizona.  Large  areas  of 
eruptive  rocks  occur  in  the  highest  portions  of  the  basin,  but  the  pre- 
dominating formations  are  of  sedimentary  origin.  The  headwater 
streams  are  protected  by  fine  forests  of  spruce  and  yellow  pine  and  at 
lower  elevations  large  areas  of  aspen.  The  lower  basin  is  practically 
barren  except  for  an  extensive  growth  of  sagebrush,  scattered  cedars, 
pifions,  and  range  grasses. 

The  principal  tributaries  of  the  San  Juan  are  Navajo,  Piedra,  Pine, 
Florida,  Animas,  and  La  Plata  rivers,  the  Animas  being  the  most 
important. 

Animas  River  has  its  source  in  the  region  above  Silverton,  draining 
portions  of  the  Needle  and  La  Plata  Mountains,  the  former  being  the 
most  rugged  of  the  Rocky  Mountain  ranges.  The  river  flows  south- 
ward to  the  Colorado-New  Mexico  line  and  thence  southwestward  to 
the  point  where  it  joins  the  San  Juan  at  Farmington,  N.  Mex.  The 
upper  portion  of  the  basin,  above  Durango,  is  very  mountainous  and 
furnishes  the  principal  part  of  the  run-off.  Much  of  this  region  is 
well  timbered  with  pine,  spruce,  and  aspen,  but  lai^e  areas  consist 
of  naked  granite  peaks.  Lnmediately  above  and  below  Durango 
the  valley  broadens  and  is  bordered  by  mesas  and  bluffs  cut  by  nar- 
row canyons  and  covered  with  sagebrush  and  scattered  pines  and 
piUons;  along  the  stream  channels  cottonwoods  predominate.  The 
rocks  of  this  region  are  chiefly  of  sedimentary  origin.  The  soils  of 
the  lower  valleys  consist  of  sandy  loam  and  are  very  fertile. 
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La  Plata  River  rises  in  the  granite  masses  known  as  La  Plata  Moun- 
tains, about  25  miles  northwest  of  Durango,  Colo.,  and  flows  south- 
ward to  its  point  of  junction  with  the  San  Juan.  Its  drainage  basin 
is  a  narrow  strip  parallel  to  and  adjoining  the  Animas  basin.  The 
upper  portion  of  the  basin  is  a  well-watered  and  forest-clad  moun- 
tain region  which  merges  southward  into  an  arid  mesa,  plateau,  and 
canyon  country.  La  Plata  Valley  proper  is  a  narrow,  shallow  de- 
pression from  Hesperus  down,  bounded  on  both  sides  by  high,  broken 
tablelands  and  deeply  eroded  mountains.  The  lower  mountain  slopes 
are  covered  with  pifion,  scrub  oak,  and  cedar;  the  lower  valleys  sup- 
port heavy  growths  of  sagebrush  and  chico;  the  upper  mountain 
slopes  were  at  one  time  heavily  timbered  with  spruce  and  yellow  and 
white  pine,  but  these  forests  have  been  largely  removed  by  lumber- 
men. 

The  other  tributaries  of  the  San  Juan  need  not  here  be  described. 
Those  mentioned  are  perennial  streams,  but  much  of  their  water  is 
diverted  for  irrigation  and  never  reaches  the  main  river.  In  addition 
to  the  perennial  streams  are  many  intermittent  creeks  throughout 
New  Mexico,  which  contribute  large  volumes  of  water  during  heavy 
storms. 

The  altitudes  in  this  drainage  basin  range  from  over  13,000  feet  in 
the  highest  mountains  to  between  6,000  and  7,000  feet  at  the  Colo- 
rado-New Mexico  line.  The  San  Juan  at  the  mouth  of  the  Animas 
has  an  elevation  of  about  5,300  feet;  at  its  junction  with  Colorado 
River  the  elevation  is  about  3,500  feet. 

Most  of  the  timbered  land  in  the  San  Juan  drainage  basin  is  in- 
cluded in  the  San  Juan  National  Forest,  which  contains  nearly  2,000 
square  miles  of  merchantable  timber,  100  square  miles  of  woodland, 
300  square  miles  of  sagebrush,  and  200  square  miles  of  barren  and 
burnt  area. 

In  a  small  area  in  the  high  mountains  the  annual  precipitation 
exceeds  25  inches,  and  over  a  considerable  area  the  average  exceeds 
20  inches;  but  for  the  remainder  of  the  area  the  average  in  Colorado 
seems  to  be  about  15  inches,  that  in  New  Mexico  about  10  inches, 
and  in  Utah  about  15  inches. 

Above  an  altitude  of  7,500  feet  the  winters  are  severe  and  snow- 
falls are  heavy;  below  an  elevation  of  6,000  feet  the  winters  are  com- 
paratively open  and  mild.  The  upper  mountain  streams  flow  under  a 
thick  ice  cover,  but  in  the  more  open  country,  in  the  vicinity  of  Aztec, 
it  is  rather  unusual  for  the  rivers  to  freeze  over  entirely,  though  much 
ice  forms  along  the  edges,  and  slush  ice  is  often  seen. 

Much  land  along  the  valleys  of  San  Juan,  Animas,  Pine,  Florida,  and 
La  Plata  rivers  and  the  smaller  tributaries  in  Colorado  is  now  under 
cultivation,  and  also  a  few  thousand  acres  of  valley  land  in  New  Mex- 
ico.   Up  to  this  time  irrigation  has  largely  been  confined  to  the  bot- 
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torn  land.  The  greatest  opportunities  for  future  development  are  in 
San  Juan  County,  N.  Mex.,  where  exceptionally  large  areas,  aggregat- 
ing probably  a  million  acres  of  fertile  lands,  are  excellently  adapted 
to  irrigation.  The  rivers  there  are  bordered  by  broad  mesas  and 
benches,  sloping  back  for  miles  in  many  places  and  easily  reached  by 
irrigation  canak,  and  the  water  supply  is  ample. 

Numerous  small  lakes,  high  up  in  the  mountains,  tend  to  equalize 
the  flow  of  some  of  the  tributaries,  and  many  large  and  small  storage 
reservoir  sites  are  available.  Among  others  may  be  mentioned  the 
Turley  reservoir  site,  on  San  Juan  River  below  the  mouth  of  the  Pine, 
which  has  a  storage  capacity  of  about  one  and  a  half  million  acre-feet. 

Excellent  opportunities  for  power  development  are  presented. 
Theoretically,  with  proper  storage,  it  will  be  possible  to  develop  nearly 
300,000  horsepower.  Falls  of  100  to  300  feet  per  mile  are  conmion 
on  the  upper  reaches  of  the  stream.  The  San  Juan  has  an  average 
fall  of  about  13  feet  to  the  mile  from  the  mouth  of  the  Piedra  to  the 
mouth  of  the  Mancos,  a  distance  of  about  115  miles,  while  the  fall 
above  the  mouth  of  the  Piedra  is  very  much  greater.  The  Animas 
has  a  fall  of  over  70  feet  to  the  mile  from  Silverton  to  Durango,  a 
distance  of  about  40  miles,  and  from  Durango  to  its  mouth  the  aver- 
age fall  is  over  20  feet  to  the  mile.  Present  developments  are  prac- 
tically limited  to  two  power  plants  on  Animas  River,  of  6,000  and 
1,000  horsepower.     Several  other  plants  are  contemplated. 

The  largest  deposits  of  lignite  and  bituminous  and  coking  coal  in 
the  West  are  in  this  drainage  area. 

FLOOD  IN  SAN  JUAN  VALLEY,  SEPTEMBER  5  AND  6,  1909.* 
OEHSRAL  FEATU&BS. 

A  very  heavy  flood  occurred  on  the  San  Juan  and  its  tributaries  in 
southwestern  Colorado  and  northwestern  New  Mexico  on  September 
5  and  6,  1909.  The  oldest  residents  in  the  vicinity  of  Aztec  and 
Farmington  stated  that  both  the  Animas  and  San  Juan  reached  higher 
stages  during  this  flood  than  at  any  time  since  the  country  has  been 
settled,  and  even  the  Indians  are  said  to  have  had  no  memory  of  a 
time  when  the  San  Juan  was  so  high. 

The  flood  was  caused  by  continuous  heavy  rains  in  the  headwater 
region  and  all  along  the  courses  of  these  streams.  The  upper  San 
Juan  itself  and  its  tributaries  from  the  north,  from  the  Piedra  west 
to  and  beyond  La  Plata,  were  in  flood  simultaneously  with  Canyon 
Largo  and  other  large  intermittent  tributaries  from  the  south,  all  of 
which  are  capable  of  carrying  enormous  quantities  of  water.  The 
main  watercourse  of  Canyon  Largo,  for  instance,  is  more  than  70 
miles  long,  and  some  of  its  tributaries  are  40  or  50  miles  long,  so  that 
it  drains  a  very  large  area  which  at  times  is  subject  to  an  excessive 
run-off.     The  combined  floods  caused  the  usual  damage. 

1  This  report  by  Mr.  Freeman  was  also  published  In  the  Monthly  Weather  Review  for  September, 
1909. 
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In  Colorado  the  Denver  &  Rio  Grande  Railroad  sustained  the 
greater  part  of  the  loss.  Along  Animas  River  between  Silverton  and 
Durango  many  stretches  of  the  railroad  tracks  were  washed  out  and 
others  were  covered  with  immense  deposits  of  sediment.  Tr^c  on 
this  branch  was  suspended  for  about  three  weeks.  The  cost  to  the 
railroad  company  amounted  to  many  thousand  dollars.  Animas  River 
also  did  considerable  damage  in  the  town  of  Durango  and  surround- 
ing country. 

Pine  River,  in  (^olorado,  was  in  heavy  flood  and  overflowed  its 
banks  in  many  places.  At  La  Boca,  the  river  took  out  the  approach 
embankment  to  railroad  bridge  on  right  bank.  This  embankment 
has  since  been  replaced  by  a  pile  span.  Spring  Creek,  which  flows 
into  Pine  River  near  this  point,  washed  out  the  railroad  track  in 
several  places.  A  locomotive  went  into  the  ditch  at  a  small  railroad 
trestle  on  tWs  creek.  The  Piedra  and  upper  San  Juan  were  also  at 
very  high  stages. 

In  San  Juan  County,  N.  Mex.,  the  principal  loss  was  sustained  by 
the  Farmington  branch  of  the  Denver  &  Rio  Grande  Railroad;  by 
the  county,  through  the  washing  out  of  the  suspension  bridge  across 
the  San  Juan  at  Blanco;  and  by  the  farmers,  whose  lands  were  over- 
flowed by  the  flood  waters  of  Animas  and  San  Juan  Rivers.  The  total 
loss  in  the  county  is  believed  to  have  been  not  less  than  $20,000;  the 
Blanco  bridge  alone  cost  about  $4,200.  The  Flora  Vista  glade,  which 
runs  into  Animas  River  near  Flora  Vista,  carried  a  great  deal  of  water 
and  sediment  and  did  not  a  Uttle  damage  to  the  railroad  track  and 
the  surrounding  country,  both  by  washouts  and  by  the  deposition 
of  sediment.  Other  glades  and  arroyos  were  correspondingly  high, 
though  most  of  them  are  not  in  a  position  to  do  much  damage.  The 
streams  in  this  section  began  to  rise  rapidly  on  Sunday,  September 
5,  and  by  Sunday  night  they  were  at  high  stages.  Maximum  heights 
were  attained  early  Monday  morning  in  the  vicinity  of  Farmington, 

PRECIPITATIOH. 

The  rainfall  was  general.  (See  PI.  VI.)  As  far  west  as  Fruitland 
there  was  about  0.7  inch  of  precipitation  during  the  first  six  days  of 
September,  most  of  which  fell  on  the  6th;  and  as  far  east  as  Chama, 
the  rainfall  amounted  to  1.6  inches  from  September  1  to  6.  At 
Durango,  Colo.,  the  rainfall  was  3.6  inches  during  the  above  period, 
of  which  1 .64  inches  fell  on  September  5  and  0.82  inch  on  September  6. 
The  combined  precipitation  on  September  5  and  6  at  several  points 
was  as  follows: 

Inches. 

Silverton 2.50 

Hesperus 2. 68 

Mancoe 1. 41 

Ignacio 87 

Pagosa  Springs 1.  87 
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San  Miguel  River  was  in  heavy  flood  at  this  same  time,  and  the 
bursting  of  the  Trout  Lake  reservoir  dam  caused  the  destruction  of 
a  great  deal  of  property  below.  Several  miles  of  railroad  track  were 
damaged  or  entirely  washed  away,  causing  the  suspension  of  traffic 
for  a  long  period,  and  no  Uttle  damage  was  done  to  highways  and 
bottom  lands  in  San  Miguel  County,  Colo. 

The  following  table  shows  the  daily  precipitation  at  various  points 
in  San  Juan  County  from  September  1  to  7,  inclusive: 

Precipitation  in  inches  in  San  Juan  drainage  basin,  September  7-7,  1909, 


stations. 


September— 


2         3 


Total 


SUverton,  Colo •. a23 

Lake  City.  Colo I       0 

Dolores,  Colo .11 

Hesperus,  Colo .40 

Durango,  Colo 50 

^nado,  Cok) '    .06 

Chromo,  Colo 15 

Manoos,  Colo 0 

Pagosa  Springs,  Colo 01 

Bloomfleld,  N.  Mex 0 

FrulUand,  N.  Mex T. 

Fort  Wlngate,  N.  Mex 40 


0 
T. 
.16 
.06 
.19 
T. 
.03 
.13 

0 

0 
T. 

0 


0 
.10 

0 
.16 
.04 
T. 
.27 
.29 
.18 

0 

0 


0.31 
.05 
.10 
.04 
.37 
.04 
.18 
.04 
.30 
0 
0 

1.20 


2.00 
.60 
.41 
1.99 
1.64 
.50 
.79 
.99 
1.40 
1.00 
.30 
.50 


a50 
.09 
.48 


.37 
.37 
.42 
.47 
.17 
.65 
1.20 


a30 

.02 

0 

.29 

.01 

.12 

.30 

T. 

.35 

0 

0 

0 


3.34 
.86 
1.26 
3.62 
3.67 
1.09 
2.09 
1.87 
2.71 
1.17 
.96 
3.71 


SAK  JXTAK  RIVXB  PROPER. 

At  Arboles,  Colo.,  above  the  most  important  tributaries,  the  San 
Juan  was  at  a  very  high  stage  and  probably  reached  its  maximmn 
on  Simday  night.  At  Blanco,  N.  Mex.,  above  Canyon  Largo,  the 
gage  read  10  feet  on  Sunday  evening,  and  at  6  a.  m.  Monday,  Sep- 
tember 6,  when  the  county  suspension  bridge  was  washed  out,  the 
maximum  gage  height  was  about  11  feet. .  The  maximum  discharge 
there  was  not  less  than  15,000  second-feet.  At  Bloomfield,  12  miles 
below  the  mouth  of  Canyon  Largo,  the  river  had  a  flood  cross  section 
of  1,800  square  feet  and  a  maximum  discharge  estimated  from  18,000 
to  20,000  second-feet.  The  river  overflowed  the  bottom  lands  all 
along  its  course,  and  in  many  places  the  course  of  the  channel  was 
entirely  changed.  At  one  place  part  of  an  orchard  was  washed  into 
the  river,  and  at  another  a  house  was  carried  away  when  the  bank 
caved  in.  At  the  county  bridge  at  Farmington,  below  the  mouth  of 
the  Animas,  the  river  reached  a  maximum  height  late  Monday  even- 
ing. The  gage  height  was  in  the  neighborhood  of  12.3  feet  on  the 
old  United  States  Geological  Survey  gage,  the  cross  sectional  area 
was  3,200  square  feet,  and  the  estimated  discharge  was  not  less  than 
35,000  second-feet.  At  this  place  the  river  overflowed  the  right 
bank  for  a  distance  of  about  100  yards  beyond  the  end  of  the  bridge, 
but  the  bridge  was  not  damaged  in  any  way. 
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AHDCAS  BITER, 

At  Durango,  Animas  River  reached  a  maximum  height  of  8.50 
feet  at  the  power  company's  gage  between  4  and  6  o'clock  Monday 
morning,  September  6  (PI.  VII,  B).  The  maximum  discharge  was 
estimated  to  be  over  10,000  second-feet.  Between  6  and  7  o'clock 
on  Monday  evening  the  maximum  height  of  11  feet  was  reached  on 
the  United  States  Greological  Survey  gage  at  Aztec,  N.  Mex.,  and 
between  10  and  11  p.  m.  the  maximum  gage  height  at  the  old 
United  States  Geological  Survey  gage  at  Farmington  was  11.1  feet. 
At  Aztec  (PL  VII,  A)  the  river  overflowed  the  right  bank  for  a  distance 
of  800  feet  beyond  the  end  of  the  suspension  bridge,  the  water  being 
from  0.5  foot  to  2  feet  in  depth;  and  at  Farmington  the  river  was  over 
its  right  bank  for  a  distance  of  a  quarter  of  a  mile;  the  fair  grounds 
and  race  track  there  were  entirely  submerged. 

The  flood  cross  section. at  Aztec  was  about  3,100  square  feet,  and 
the  estimated  discharge  was  16,000  second-feet.  At  Farmington  the 
maximum  discharge  was  probably  from  18,000  to  20,000  second-feet. 

LA  PLATA  RIVER. 

La  Plata  River  attained  a  maximum  gage  height  of  7.60  feet  on 
the  United  States  Geological  Survey  and  Territorial  engineer's  gage 
at  La  Plata,  N.  Mex.,  on  Sunday  night,  September  5,  and  it  is  esti- 
mated that  the  maximum  discharge  was  from  6,000  to  7,000  second- 
feet.  The  left  bank  was  overflowed  for  a  distance  of  1,000  feet,  and 
the  cross-sectional  area  of  the  overflow  was  1,300  square  feet,  while 
the  cross-sectional  area  of  the  main  channel  was  only  224  square 
feet.  It  is  estimated  that  the  channel  under  the  bridge  at  La  Plata 
carried  a  maximum  of  3,000  second-feet,  while  the  overflow  amounted 
to  as  much  or  more  than  that  amount. 

During  this  flood  on  the  San  Juan  River  probably  over  150,000 
acre-feet  of  flood  waters  went  to  waste  and  were  allowed  to  do  a  great 
deal  of  damage  to  the  surrounding  country.  Had  these  waters  been 
properly  stored  in  any  of  the  numerous  reservoirs  contemplated  in 
San  Juan  County,  such  as  the  proposed  San  Juan  reservoir,  all  of  this 
damage  could  have  been  prevented  and  the  waters  used  for  the 
irrigation  of  a  large  area. 

It  is  true  that  a  flood  of  this  magnitude  is  not  liable  to  occur  for  a 
number  of  years,  and  it  is  also  true  that  it  is  not  necessary  to  store 
these  excessive  flood  waters  for  irrigation.  The  San  Juan  is  a  val- 
uable stream  and  its  normal  flow  is  ample  for  the  irrigation  of  all 
the  lands  which  it  will  be  possible  to  put  under  cultivation  for  a 
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A.     OVERFLOW  OF  LEFT  BANK  IN  VICINITY  OF  GAGING  STATION  AT  AZTEC.  N.  MEX. 

[ 


B.     VIEW  AT  FOOTBRIDGE  NEAR  DURANGO  POWER    PLANT.  DURANGO.  N.  MEX. 

FLOOD    ON    ANIMAS    RIVER,    SEPTEMBER    6,    1909. 
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number  of  years  to  come.  Some  storage,  however,  is  necessary  on 
the  San  Juan,  as  on  any  other  river  in  the  West.  In  the  latter  part 
of  September,  1909,  the  flow  of  the  San  Juan  above  the  mouth  of  the 
Animas  was  only  1,100  second-feet,  and  that  of  Animas  River  at 
Aztec  800  second -feet.  These  flows  are  considerably  above  the 
normal  for  that  priod  of  the  year. 

SAN   JUAN   RIVER  AT   BLANCO,    N.   MEX. 

This  station  was  established  December  9,  1908,  to  take  the  place 
of  the  station  at  Turley,  which  was  discontinued  November  30,  1908. 
It  was  located  at  a  new  suspension  bridge,  which  crossed  the  San 
Juan  at  Blanco,  about  4  miles  below  Turley  post  office,  16  miles 
southeast  of  the  Denver  &  Rio  Grande  Railroad  at  Aztec,  N.  Mex., 
and  half  a  mile  above  the  mouth  of  Canyon  Lai^o. 

The  suspension  bridge  and  chain  gage  were  washed  out  by  a  flood 
on  September  6,  1909,  and  on  September  29,  1909,  a  temporary  staff 
gage  was  established  about  30  feet  upstream  from  location  of  the 
bridge  and  at  a  new  datum.  Discharge  measurements  after  Sep- 
tember 6,  1909,  were  taken  at  the  suspension  bridge  at  Bloomfield 
about  9  miles  downstream,  where  a  wire  gage  was  installed  on  Sep- 
tember 28,  1909.  The  flow  of  the  river  at  Blanco  and  Bloomfield 
should  be  the  same  except  for  the  inflow  of  Canyon  Largo.  This 
stream  carried  practically  no  water  in  the  days  when  discharge 
measurements  were  taken  between  September  28,  1909,  and  Decem- 
ber 31,  1909. 

Discharge  measurements  of  San  Juan  River  at  Blanco^  N.  Mex.,  in  1908-9, 


Date. 


1906. 
Dec.  10a 

1909. 
Jan.  11 
Mar.  3D 
May  14 
June  26 
Julv  27 
Sept.  28^ 
Nov.  17  ft 


IlydroRTapher. 


Width. 


J.B.Stewart. 


C.D.MUler... 
J.  B.  Stewart. 


.do. 


V.L.  Sullivan.. 

J.  B.  Stewart 

W.  B.  Freeman. 
J.  B.  Stewart.... 


Feet. 
194 


210 
238 
246 
246 
243 


Area  of 
section. 


194 


298 

507 

915 

1,060 

•m 


Gage 
height. 


FeeL 
2.60 


2.80 
440 
6.00 
6.70 
5.80 
C4.70 
(14.20 


Dis- 
charge. 


ate.-fU 
157 


2,010 
5,820 
5,970 
4,020 
1,100 

m 


a  Some  slush  ice. 

ft  Measurement  made  at  Bloomfield. 

e  New  rod  gage  installed  Sept.  29, 1909,  at  different  datum. 

d  Observer^  gage  reading  at  Blanco. 
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Daily  gage  height^  in/eet^  of  San  Juan  River  at  Blanco,  N.  Uex.,for  1909, 
[Gtoofet  Valdai,  obMrvw.] 


Day. 

Jan. 

Feb. 

liar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec 

2.8 

2.8 
2.8 
2.8 
2.8 

2.8 
2.9 
2.8 
2.9 
2.9 

2.7 
2.6 
3.6 
3.6 
2.7 

2.8 
3.0 
2.9 
2.8 
2.8 

2.9 
S.8 
3.« 
3.6 
3.5 

3.3 
S.0 
2.6 
2.6 
2.6 
2.6 

3.6 
2.6 
2.9 
2.9 

2.9 

2.8 
2.8 
2.8 
2.9 
2.7 

2.7 
3.7 
3.0 
2.9 
2.9 

2.8 
2.8 
2.9 
2.9 
3.3 

2.9 
3.6 
2.6 
3.8 
2.9 

2.8 
8.0 
3.3 

3.3 
3.7 
3.9 
4.3 
4.4 

46 
4.4 

47 
47 
3.6 

3.3 
8.8 
3.4 
8.4 
8.7 

43 
47 
48 
44 

46 

46 
43 
47 
42 
46 

47 
46 
44 
44 

42 
42 

41 

486 
5.6 
6.6 
48 

465 

41 
41 
8.86 
3.96 

47 
47 
45 
48 
6.0 

6.45 
7.26 
7.3 
7.8 

6.85 

6.06 

5.6 

5.5 

5.2 

5.0 

49 
5.3 
5.8 
5.6 
5.4 

6.1 
5.1 
5.5 
6.0 
6.4 

6.6 
6.7 
6.8 
6.65 
6.3 

6.1 
6.0 
5.9 
6.0 
6.0 

6.06 

6.1 

6.1 

6.4 

6.2 

6.2 
6.0 
6.86 
5.8 
5.6 

5.6 
5.6 
5.55 
5.9 
6.7 
5.6 

6.6 
5.4 
6.9 
6.6 
7.2 

7.6 
7.7 
7.6 
7.8 
7.2 

7.0 
6.9 
6.9 
6.8 

6.7 

6.8 
6.8 
7.1 
6.9 
7.0 

7.0 
6.5 
6.4 
6.4 
6.4 

6.5 
6.2 
6.9 
5.9 
5.9 


5.7 
5.6 
5.6 
5.6 
5.7 

5.7 
5.6 
5.2 
5.3 
5.0 

48 
47 
45 
46 
45 

44 
43 
42 
42 
40 

43 
44 

6.0 
6.8 
5.5 

49 
5.5 
6.3 
49 
46 
46 

45 
47 
46 
47 
5.3 

47 
46 
46 
45 
42 

46 
48 
43 
41 
48 

48 
48 
45 
5.9 
5.9 

6.7 
6.0 
5.9 
5.8 
6.5 

6.3 
7.6 
5.8 
7.1 
7.4 
7.0 

6.8 
6.4 
6.0 
7.2 
8.55 

a9.85 



"47" 
47 
46 

46 
46 
46 
46 
5.6 

5.6 
6.1 
5.2 
5.1 
49 

48 
48 
48 
47 
47 

47 
46 
46 
46 
46 

45 
44 
44 
44 
44 

44 
44 
44 
44 
44 
4  4 

43 

43 
48 
42 
42 

42 
42 
42 
42 
42 

42 
42 
42 
42 
42 

42 
43 
41 
41 
43 

44 
44 
44 

43 
43 

48 
43 
42 
42 
42 

42 

42 
42 

43 

42 
42 

6 

7 

42 

8 

42 

9 

42 

10 

42 

11.; 

42 

12 

42 

13 

42 

14.             

41 

16 

16 

17 

41 
41 

18 

19 

41 

20 

4.1 

21 

42 

22 

42 

23 

43 

24 

42 

36 

42 

28 

42 

27 

42 

28 

43 

29 

4S 

ao 

43 

31 

43 

a  Estimated  maximum  gage  height  of  1 1 .0  feet 
Daily  discharge,  in  second-feei,  of  San  Juan  River  at  BUmco,  N.  Mex.,for  1908-9. 


Day. 

Dec. 

Day. 

Dec. 

Day. 

Dec 

1908. 
1 

1908. 
11 

165 
90 
90 
90 

210 

400 
100 
400 
280 
280 

1908. 
21 

270 

2 

12 

12 

300 

3 

13 

23 

450 

4 

14 

24 

450 

5 

15 

25 

350 

6 

16 

26 

350 

7 

17 

27 

300 

8 A 

18 

28 

300 

9 

i65 
165 

19 

29 

2S0 

10 

20 

30 

320 

31 , 

320 
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Daily  dUcharge,  in  second-feet  y  of  San  Juan  River  at  Blanco  y  N.  Mex.y  for  1908-9 — Contd. 


Day. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


1909. 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


410 
420 
425 
435 
440 

450 
550 
475 
670 
675 

450 
370 
370 
370 
425 

600 
660 
560 
490 
480 

550 

925 

1,280 

1,280 

1,120 

890 
600 
290 
290 
290 
290 


230 
280 
450 
450 
450 

380 
380 
380 
450 
300 

300 
300 
600 
420 
420 

350 
350 
400 
400 
700 

380 

200 

150 

90 


660 
1,060 
1,280 
1.840 
2,000 

2,350 
2,000 
2,530 
2,530 
900 

610 
610 
700 
700 
1,010 

1,680 
2,530 
2,720 
2,000 
2,170 
• 

2,170 
1,680 
2,530 
1,680 
2,170 


300     2,530 


410 
660 


2,350 
2,000 
2,000 
1,680 
1,680 


1,530 
2,820 
4,670 
4,670 
2,720 

2.260 
1,530 
1,530 
1,190 
1,320 

2,530 
2,530 
2,170 
2,720 
5,860 

7,310 
10,200 
10,400 
10,400 

8,700 

6,020 
4,670 
4,390 
3,590 
3,130 

2,920 
3,590 
5,260 
4,670 
4,110 


3,350 
3,350 
4,390 
5,860 
7,140 

7,820 
8,170 
8,520 
8,000 
6,810 

6,170 
5,860 
5,560 
5,860 
5,860 

6,020 
6,170 
6,170 
7,140 
6,490 

6,490 
6,860 
5,410 
5,260 
4,670 

4,670 
4,390 
4,530 
5,560 
4,960 
4,390 


4,390 
4,110 
5,560 
7,820 
10,000 

11.600 
11,900 
11,600 
12,300 
10,000 

9,100 
8,570 
8,450 
7,960 
7,600 

7,670 
7,560 
8,400 
7,600 
7,800 

7,650 
5,860 
5,420 
6.250 
5,160 

6,350 
4,550 
3.760 
3,750 
3,760 


3,250 
3,100 
3,100 
2,880 
3,330 

3,330 
3,200 
2,400 
2,400 
2,060 

1,720 
1,640 
1,350 
1,480 
1,350 

1,240 
1,010 
1,010 
1,010 
800 

1,140 
1,330 
4,530 
3,980 
3,240 

2,100 
3,280 
2,850 
2,120 
1,540 
1,540 


1,480 
1,800 
1,540 
1,800 
2,850 

1,800 
1,540 
1,540 
1,480 
1,080 

1,480 
1,210 
1,210 
970 
1,940 

1,940 
1,940 
1,480 
4,290 
4,290 

6,720 
4,660 
4,290 
4,000 
6,100 

5,470 
9,600 
4,000 
8,050 
9,110 
7,700 


7,060 
5,770 
4,560 
8,400 


1,100 

1,100 

950 


950 
950 
950 
830 
2,400 

2,400 
3,400 
1,700 
1,650 
1,250 

1,160 
1,150 
1,150 
1,000 
1,000 

1,000 
880 
880 
880 
880 

760 
670 
670 
670 
670 

670 
670 
670 
670 
670 
670 


570 
670 
570 
480 
480 

480 
480 
480 
460 
460 

460 
450 
450 
450 
460 

450 
440 
380 
380 
630 

620 
620 
620 
550 
560 

550 
460 
460 
460 
460 


470 
470 
470 
550 
470 

470 
470 
470 
470 
470 

470 
470 
470 
420 
420 

420 
420 
420 
430 
430 

500 
600 
600 
600 
600 

600 
600 
680 
580 
580 
680 


NoTR.— These  discharges  are  based  on  rating  ciwes  applicable  as  follows:  Dec.  9  to  15, 1908,  and  Mar. 
4  to  Jane  9, 1909,  not  well  defined:  Dec.  16. 1908.  to  Mar.  3, 1909,  June  10  to  Seprt.  4,  and  Sept.  28  to  Dec.  31, 
1909.  indirect  method  for  shifting  channels  used. 

Discharge  Sept.  5  and  6  estimated  as  9,650  and  13,000  second-feet,  respectively.  Discharge  Sept.  7  to  27 
estimated  as  equivalent  to  6,190  second-feet  per  day  by  hydrograph  comparison  with  the  flow  of  the 
Animas  River  at  Aztec,  N.  Mex. 

Monthly  discharge  of  San  Juan  River  at  Blanco,  N.  Mex. ,  for  1908-9. 


Month. 

Discharge  in  second-feet. 

Run-off 
(total  in 
acre-feet). 

Aoctt- 

Maximum. 

Minimum. 

Mean. 

racy. 

December  9-31 .. . 

1908. 

450 

90 

265 

12,100 

D. 

1909. 

January 

1,280 

700 

2.720 

10.400 

8,520 

12.300 

4.530 

9.500 

a  13, 000 

3.400 

620 

580 

290 

90 

610 

1,190 

3,350 

3,750 

800 

970 

960 

670 

380 

420 

555 

372 

1,750 

4,310 

5,840 

7,340 

2.240 

3.460 

6,050 

1,090 

494 

483 

34,100 
20,700 
108,000 
256.000 
359,000 
437.000 
138.000 
213,000 
360,000 
67.000 
29.400 
29,700 

D. 

F<»hniftry 

D. 

March 

B. 

April 

B. 

May.::...::::::;:::::::::::::::::::::::::::::::::: 

B. 

June 

C. 

July 

C. 

August  .  n , 

D. 

September 

D. 

October 

D. 

November 

D. 

December 

D. 



The  year. . 

13,000 

90 

2,830 

2,050,000 

95620°- 

a  Est] 
-W8P  26^-11 13 

Imated. 
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ANIMAS   RIVER   AT   AZTEC,  N.  BfBX. 

This  station  was  originally  established  June  21,  1904,  at  a  wooden- 
truss  highway  bridge  about  three-eighths  of  a  mile  west  of  Aztec, 
N.  Mex.  It  was  discontinued  December  14,  1904,  and  reestablished 
at  the  same  location  on  June  8,  1907.  On  September  13,  1908,  it 
was  moved  to  a  new  suspension  bridge  about  half  a  mile  above  the 
old  bridge,  which  was  torn  down  on  completion  of  the  new  bridge. 
The  station  is  about  one-third  of  a  mile  west  of  Aztec,  on  the  main 
wagon  road  to  Farmington  and  La  Plata. 

No  change  in  the  staff  gage  or  gage  datum  occurred  during  the 
maintenance  of  the  station  at  the  old  location.  Beginning  September 
13,  1908,  an  inclined  staff  gage,  installed  a  few  feet  downstream  from 
the  suspension  bridge  at  an  arbitrary  datum,  was  read. 

The  station,  although  20  miles  above  the  mouth  of  the  river,  is 
below  all  important  tributaries.  The  drainage  is  about  1,300  square 
miles.  Between  Durango  and  Aztec  many  large  ditches  divert 
water  for  irrigation  and  the  discharge  at  this  station  does  not  represent 
the  total  run-off  of  the  stream.  Notwithstanding  numerous  existing 
water  rights,  an  ample  supply  of  water  is  available  for  future  develop- 
ment. 

Ice  forms  to  a  considerable  depth  along  the  edges  during  the 
greater  part  of  the  winter,  but  the  river  seldom  freezes  across.  Slush 
ice  occurs  frequently  during  the  winter  months. 

Results  obtained  at  this  station  are  good  except  during  and  after 
high  water,  when  the  shifting  of  the  channel  interferes  with,  the 
accuracy  of  the  data.  The  flood  of  September  6,  1909,  made  it 
necessary  to  use  the  indirect  method  for  shifting  channels  in  estimat- 
ing the  daily  and  monthly  flow  after  that  date. 

Discharge  vteasuremenU  of  Animas  River  at  AzteCy  N.  Mex.,  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

he^t. 

Di». 
charge. 

Jan.    12o 

C.  D.  Miller 

Feet. 
75 
145 
157 
151 
155 
150 
149 

Sq.fU 
101 
228 
539 
731 
457 
252 
152 

FeeL 
8.30 
4.15 
6.20 
6.90 
5.65 
•    4.65 
4.05 

Stc-fU 
177 

Mar.  29 

J.B.Stewart.           

657 

May   13 
June  27 
July  28 
Sept.  27 
Nov.  16 

.do 

3.070 

V.  L.  Sullivan 

J.  B.  Stewart 

4,470 

2,010 

793 

W.  B.  Freeman 

J.  B.  Stewart 

342 

a  Made  by  wading,  not  at  regular  section. 
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Daily  gage  height^  infect,  of  Animas  River  at  Aztec,  N.  Met,,  for  1909, 
[H.  S.  Wattles,  obeerver.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec 

J 

3.4 
3.4 
3.4 
3.4 
3.4 

3.4 
3.4 
3.4 
3.4 
3.4 

3.3 
3.3 
8.3 
3.2 
3.3 

3.4 
3.5 
3.4 
3.4 
3.4 

8.5 

3.6 

3.75 

8.5 

3.5 

3.4 
3.3 
3.3 
3.8 
3.3 
3.6 

8.5 
3.5 
3.5 
3.5 
3.5 

3.5 
3.5 
3.5 
3.5 
3.5 

3.5 
3.5 
3.6 
3.5 
3.6 

3.5 
3.4 
3.4 
8.4 
3.4 

3.45 
8.45 
8.45 
8.45 
3.45 

8.5 
3.6 
3.5 

3.6 
8.8 
4.0 
4.0 
4.1 

4.3 
4.2 
4.2 
4.2 
4.1 

4.0 
8.9 
8.8 
8.8 
3.9 

4.0 
4.1 
4.2 
4.2 
4.4 

4.8 
4.2 
4.5 
4.8 
4.4 

4.5 
4.5 
4.4 
4.3 
4.8 
4.3 

4.4 

4.5 

4.6 
4.7 
4.8 

4.6 
4.4 
4.3 
4.3 
4.5 

4.7 
4.7 
4.5 
4.6 
5.1 

5.8 
6.3 
6.6 
6.8 
6.5 

6.0 
5.7 
5.3 
5.0 

4.8 

4.8 

5.26 

6.1 

5.6 

5.4 

5.1 
5.0 
6.0 
5.4 
6.4 

6.6 

6.7 

6.95 

6.75 

6.8 

6.1 

6.15 

6.1 

6.1 

6.0 

6.0 

6.1 

6.25 

6.65 

6.8 

6.85 

6.2 

6.1 

6.1 

5.8 

5.7 
6.0 
6.8 
6.8 
6.1 
5.6 

6.4 
5.8 

e.5 

7.45 
8.3 

8.7 

8,76 

8.7 

8.7 

8.6 

8.26 

7.8 

7.96 

7.8 

7.66 

7.8 

7.9 

8.15 

8.1 

7.96 

7.86 

7.6 

7.65 

7.6 

7.4 

7.2 

7.1 

7.0 

6.76 

6.66 

6.66 

6.4 

6.8 

6.1 

6.3 

6.86 

6.2 

6.0 

5.7 

6.5 

5.8 
5.2 
5.1 
6.0 
4.9 

4.7 
4.6 
4.6 
4.4 
4.4 

4.5 

4.9 

5.7 

6.86 

5.8 

5.1 

6.0 

6.66 

6.3 

5.0 

4.8 

4.65 

4.7 

4.6 

4.6 

4.8 

4.4 

4.35 
4.3 
4.46 
4.35 

4.6 

4.4 

4.6 

4.46 

4.4 

5.5 
6.2 
4.8 
4.8 
4.8 

5.0 

4.8 
4.7 
6.0 
5.8 

5.8 
6.0 
6.2 
6.2 
6.6 
6.0 

5.8 
5.3 
5.3 
5.7 

7.85 

10.0 
9.9 
8.25 
7.66 
6.4 

6.0 
6.0 
5.7 
5.6 
5.5 

5.7 

5.7 

5.7 

6.65 

6.6 

6.6 
5.6 
5.6 
6.6 
5.6 

6.0 
4.8 
4.6 
4.5 
4.5 

4.5 
4.4 
4.4 

4.5 
4.6 

4.66 
4.6 
4.6 
4.6 
4.6 

4.6 
4.4 
4.4 
4.4 
4.4 

4.4 

5.4 
6.4 
5.4 
6.4 

5.4 

5.4 

6.4 

5.35 

6.35 

6.35 
5.3 
5.8 
5.8 
5.8 
6.1 

4.8 
4.5 
4.3 
4.2 
4.2 

4.2 
4.1 
4.1 
4.1 
4.1 

4.1 
4.1 
4.1 
4.1 
4.1 

4.1 
4.1 
4.0 
4.0 
4.0 

4.0 
4.0 
4.06 
4.06 
4.06 

4.06 

4.05 

4.1 

4.1 

4.1 

4.1 

2 

4.1 

3 

4.16 

4 

4.2 

5 

4.2 

6 

4.16 

7 

4.16 

8 

4.1 

9 

4.1 

10 

4.1 

11 

4.0 

12 

4.0 

13 

4.0 

14 

4.0 

15 

4.0 

16 

4.0 

17 

4.0 

18 

19 

4.0 
3.9 

20 

8.9 

21 

3.9 

22 

3.9 

23 

3.9 

24 

3.9 

26 

4.0 

26 

4.0 

27 

4.0 

28 

4.0 

29 

8.9 

30 

3.9 

31 

4.0 

Daily  discharge,  in  second-feet,  of  Animas  River  at  Aztec,  N,  Hex.,  for  1909. 
Day. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

236 

292 

350 

858 

1,610 

1.860 

3,090 

1,050 

2,300 

700 

830 

235 

292 

471 

930 

1,400 

2,300 

3,410 

1,100 

1,740 

620 

640 

235 

292 

594 

1,010 

1,400 

3,590 

3,230 

930 

1,740 

620 

600 

235 

292 

594 

1,100 

1,860 

5,610 

2,880 

930 

2,240 

700 

450 

235 

292 

657 

1,190 

3,410 

7,700 

3,230 

1,190 

6,570 

750 

450 

235 

292 

788 

1,010 

3,780 

8,780 

3,320 

858 

12,500 

800 

450 

235 

292 

721 

858 

3,980 

8,920 

3,060 

823 

12,100 

700 

390 

235 

292 

721 

788 

4.490 

8,780 

2,710 

788 

7,450 

750 

390 

235 

292 

721 

788 

4.080 

8,780 

2,240 

804 

5,950 

680 

390 

235 

292 

657 

930 

8,230 

8,240 

1,980 

823 

3,300 

680 

880 

180 

292 

594 

1.100 

2.880 

7,570 

1,740 

930 

2.640 

680 

380 

180 

292 

532 

1,100 

2,960 

6.450 

1,630 

858 

2,620 

620 

380 

180 

292 

471 

930 

2,880 

6,810 

1,510 

930 

2,190 

620 

380 

130 

292 

471 

1,010 

2,880 

6,450 

1,400 

894 

1.900 

620 

370 

180 

292 

532 

1,510 

2,710 

6,090 

1,290 

868 

1,770 

620 

870 

236 

292 

504 

2,800 

2,710 

6,450 

1,100 

1.980 

2.060 

620 

870 

292 

236 

667 

3,230 

2,880 

6,090 

1,010 

1.630 

2.050 

1,420 

370 

235 

236 

721 

3,780 

3.140 

7,310 

930 

1,190 

2,050 

1.400 

310 

235 

235 

721 

4,180 

3,880 

7,180 

858 

1,190 

1,970 

1,400 

310 

235 

236 

858 

3,590 

4,180 

6,810 

858 

1,190 

1,900 

1,390 

310 

292 

264 

788 

2,710 

4,280 

6,570 

930 

1,400 

1,800 

1,300 

310 

350 

264 

721 

2,240 

3.050 

5,970 

1,290 

1.190 

1,660 

1,380 

810 

440 

264 

930 

1,740 

2.880 

5,850 

2,240 

1,100 

1,800 

1,380 

350 

292 

264 

788 

1.400 

2.880 

5.730 

2,470 

1.400 

1,780 

1,360 

350 

292 

264 

858 

1,190 

2.390 

5,490 

2,300 

1,740 

1,780 

1,850 

350 

236 

292 

980 

1,190 

2,240 

5.040 

1,510 

2,300 

1,110 

1.340 

350 

180 

292 

930 

1,680 

2,710 

4,820 

2,710 

1,400 

010 

1.290 

360 

180 

292 

858 

1.610 

4,180 

4.600 

2,180 

1.630 

760 

1.270 

380 

180 

788 

2,110 

4,180 

4,080 

1,740 

3.060 

700 

1,250 

380 

180 

788 

1,860 

2,880 

3,880 

1,400 

3,690 

700 

1,250 

380 

350 



788 

2,110 

1,190 

2,710 

1,100 

Dec. 


1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 

20. 
27. 
28. 
29. 
30. 
31. 


380 
380 
410 
440 
440 

410 
410 
380 
380 
380 

320 
320 
320 
320 
320 

320 
320 
320 
200 
200 

260 
260 
280 
260 
330 

330 
330 
380 
270 
270 
880 


NoTB.— These  discharges  are  based  on  rating  curves  applicable  as  follows:  Jan.  1  to  Sept.  6,  fUrly  well, 
deflnedbetweendischargesof  180aDd  4^8ecood4eet.  Sept.  7  to  Dec  81,  indirect  metnod  for  shifting 
channels  used. 
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Monthly  ducharge  of  Animtu  River  at  Aztec,  N,  Mez^t/or  1909^ 


Month. 


January 

February 

March 

June 

July 

August 

September 

October 

November 

December 

The  year 


Dixshaige  tn  8eooQd4e^ 

Ron-off 
(total  in 

Maxtoum. 

|f|n|tn^|m. 

Mean. 

acre-feet). 

440 

130 

230 

14,700 

2S2 

235 

270 

15,500 

930 

350 

607 

42,000 

4,180 

788 

1,660 

98,800 

4.400 

1,400 

3,030 

186,000 

8,030 

1,800 

6,150 

366,000 

3,d00 

868 

2,000 

123,000 

3,500 

788 

1,380 

84,800 

12,500 

700 

3,000 

170,000 

1,420 

620 

002 

61.000 

831 

310 

308 

23,700 

440 

200 

333 

20,500 

12,500 

130 

1.680 

1,220,000 

Aocu- 


A. 
A. 
A. 
A. 
A. 
B. 
C. 
B. 
B. 
B. 


LA    PLATA   RIVER   AT   LA    PLATA,  N.  MEX. 

This  station,  which  was  established  May  25,  1905,  to  obtain  data 
for  use  by  the  United  States  Reclamation  Service  in  connection  with 
their  proposed  La  Plata  project,  is  located  at  a  wooden,  single-span 
highway  bridge,  about  16  miles  northwest  of  Aztec,  N.  Mex.,  and  1 
mile  south  of  La  Plata  post  office,  in  sec.  3,  T.  31  N.,  R.  13  W.  of  New 
Mexico  principal  meridian.  Being  located  below  all  the  principal 
diversions,  the  station  shows  the  amount  of  flood  water  available  for 
storage  and  irrigation. 

The  station  is  below  all  tributaries  and  about  15  miles  above  the 
mouth  of  the  La  Plata.     The  drainage  area  is  about  340  square  miles. 

Nearly  all  the  normal  flow  of  this  stream  is  diverted  for  irrigation 
above  the  station,  and  there  are  a  few  small  diversions  below. 

Thin  ice  frequently  forms  across  the  stream  during  the  winter 
period,  thick  ice  forms  along  the  edges,  and  slush  ice  at  times  inter- 
feres with  winter  measurements. 

On  December  9,  1908,  a  chain  gage  was  installed  on  the  bridge 
and  is  read  in  place  of  the  rod  gage,  as  the  latter  does  not  record 
low  stages.     The  datum  remained  unchanged. 

Because  of  shifting  conditions  of  channel  and  the  uncertainty  of 
certain  gage  heights,  the  results  obtained  at  this  station  are  not 
good.  The  discharge  measurements  and  gage  heights  for  1905  to 
1908  for  this  station  have  been  published  in  Water-Supply  Papers 
174,  210,  and  248. 

The  monthly  estimates  of  the  flow  for  1905  to  1909  are  included  in 
this  report.  The  data  on  which  they  are  based  are  very  meager,  and 
owing  to  the  torrential  character  of  the  stream  and  the  extreme  low 
stages  during  the  greater  part  of  each  year  the  estimates  given  ar© 
very  approximate  and  should  be  used  with  caution.  They  are,  how- 
ever, the  best  interpretation  that  can  be  made  of  the  available  data. 
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Discharge  measurements  of  La  Plata  River  at  La  Plata^  N,  Jto.,  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  Of 
section. 

Gaffe 
hel^t 

DIs- 
eharge. 

Jan.    12 

C.D.Miller 

Feet. 

7 
31 
33 
29 

30 
58 
16.1 

FeH. 
1.60 
2.22 
3.06 
1.80 
1.46 
2.30 
1.90 

S«.f 

Mar.  29 

J.  B.  Stewart 

64 

May   13 
June  27 

do 

264 

V  L  Sullivan             

12.4 

July   26 
Sept.  25 
Nov.  16 

J.  B.  Stewart 

a.8 

W  B  Freeman     

32 

30 

37 

J.  B.  Stewart 

al.2 

a  Estimated. 

Daily  gage  height^  in  feet,  of  La  Plata  River  at  La  Plata,  N.  Mex.,for  1909. 
[Frank  Williams,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

1.3 
1.3 
1.3 
1.3 
1.3 

1.3 
1.3 
1.4 
1.6 
1.6 

1.6 
1.6 
1.4 
1.6 
1.4 

1.8 

1.66 

1.8 

1.6 

1.6 

1.8 
1.8 
2.0 
1.9 
1.6 

1.4 
1.6 
1.6 
1.6 
1.5 
1.5 

1.6 
1.6 
1.6 
1.8 
1.7 

1.6 
1.6 
1.5 
1.4 
1.4 

1.4 
1.3 
1.4 
1.4 
1.6 

1.7 
1.8 
1.7 
1.8 
1.8 

1.7 
1.6 
1.5 
1.5 
1.6 

1.6 
1.7 
2.0 

3.4 

3.86 

2.4 

4.45 

3.4 

3.3 
2.2 
2.4 
2.4 
2.3 

2.4 
2.0 
2.4 
2.6 
2.6 

2.3 
2.4 
2.6 
2.4 
2.4 

2.3 
2.2 
2.3 
2.4 
2.2 

2.2 
2.3 
2.6 
2.3 
2.3 
2.3 

2.3 

2.4 

2.75 

2.8 

2.8 

2.5 

2.55 

2.6 

2.6 

2.8 

2.8 

2.7 

2.65 

2.8 

3.4 

3.9 

4.36 

4.6 

4.66 

3.9 

3.4 
3.1 
2.9 
2.7 
2.6 

2.65 

2.66 

2.9 

2.96 

2.6 

2.6 

2.66 

2.6 

2.9 

3.6 

3.6 
3.7 
3.8 
3.1 
3.0 

2.86 

2.95 

3.05 

3.0 

2.85 

2.8 

2.9 

3.15 

2.9 

3.15 

2.8 

2.75 

2.7 

2.65 

2.5 

2.5 
2.6 
2.6 
2.7 
2.6 
2.4 

2.35 

2.4 

2.55 

3.05 

3.16 

3.16 

3.36 

3.66 

3.3 

3.2 

2.95 

2.76 

2.75 

2.7 

2.55 

2.56 

2.6 

2.6 

2.45 

2.55 

2.46 
2.35 
2.36 
2.15 
2.95 

2,95 

1.9 

1.76 

1.7 

1.66 

1.65 

1.6 

1.36 

1.6 

1.6 

1.46 
1.46 
1.46 
1.45 
1.46 

1.46 
1.46 
1.45 
1.45 
1.46 

1.46 
1.46 
1.46 
1.45 
1.45 

1.46 
1.45 
1.45 
1.45 
1.45 

1.46 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 
1.4 
1.4 
1.4 
1.4 

1.4 
1.4 
2.0 
1.4 
1.4 

2.0 
1.4 
1.4 
1.4 
2.5 

2.9 
2.3 
1.8 
2.3 
3.6 

2.4 
2.1 
2.0 
2.1 
3.8 

2.6 

2.7 

2.46 

3.1 

4.6 

3.2 

2.9 
2.8 
2.6 
2.6 
7.36 

6.8 

4.6 

3.8 

3.36 

3.0 

2.8 

2.85 

2.8 

2.1 

2.66 

2.6 

2.55 

2.6 

2.46 

2.4 

2.4 

2.36 

2.3 

2.3 

2.3 

2.3 

2.26 

2.2 

2.2 

2.2 

2.2 

2.2 

2.16 

2.1 

2.1 

2.1 
2.1 
2.1 
2.1 
2.1 

2.1 
2.1 
2.1 
2,1 
2.1 

2.1 

2.1 

2.1 

2.06 

2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2,0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
1.9 
1.9 
1.9 
1.9 

1.9 
1.9 
1.9 
1.9 
1.9 

1.9 
1.9 
1.9 
1.9 
1.9 

1.9 

i.a 

1.8 
1.8 
1.8 

1.8 

1.2 

1.2 

1.66 

1.66 

1.66 

2 

1.66 

3 

1.66 

4       

1.66 

6 

1.66 

6 

1.6 

7 

1.6 

8 

1.6 

9 

1.6 

10 

1.6 

11       .: 

1.6 

12 

1.6 

13          

1.66 

14 

1.66 

15      

1.66 

16 

1.65 

17 

1.65 

18     

1.65 

19 

1.66 

20 

1.65 

21 

1.65 

22 

1.66 

23 

1.65 

24 

1.66 

25      

1.66 

26 

1.66 

27 

2.0 

28 

2.0 

29 

2.0 

30 

2.0 

31 

2.0 

Note.— Maximum  gage  height  on  Sept.  6,  7.66  feet. 
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DttUy  dMiarge,  in  second-feet,  of  La  Plata  River  at  La  Platay  N,  Mex.ffor  1909. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

76 

85 
116 
254 
300 

300 
370 
406 
352 
317 

230 
166 
166 
152 
116 

116 
105 
105 
95 
116 

95 
76 
76 
45 
230 

230 
18.5 
10.4 
&5 
7.0 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dee. 

1 

0.9 
L5 

1 

3 

3 

1.5 

3. 

1.5 

12.4 
7 

12.4 
5.5 
5.5 

12.4 
12.4 
27 
18.5 
5.5 

1.5 

5.5 

5.5 

3 

3 

3 

3 
8 

5.5 
12.4 
8.5 

5.5 

5.5 

3 

1.5 

1.5 

1.5 
.9 
1.6 
1.6 
5.5 

8.5 
12.4 

8.5 
12,4 
12.4 

8.5 

5.5 

3 

3 

3 

5.5 
8.5 
27 

390 
605 
85 

aseo 

900 

352 
317 
85 
85 
67 

85 
52 
85 
105 
105 

67 
85 
127 
85 
85 

67 
52 
67 
85 
52 

52 
67 
105 
67 
67 
67 

67 
85 
166 
180 
180 

105 
116 
105 
127 
180 

180 
152 
140 
180 
390 

620 
a850 
O970 
0930 

620 

390 
282 
212 
152 
127 

116 
140 
212 
230 
127 

127 
116 
127 
212 
475 

475 
520 
570 
282 
247 

196 
230 
264 
247 
196 

180 
212 
300 
212 
300 

180 
166 
152 
116 
105 

105 
105 
127 
152 
105 
85 

4 
3 
6 
3 
3 

2 

I 

1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1 

1 
1 

1 
1 

1 

.8 
.8 
.8 
.8 
.8 

.8 
.5 
.5 
.5 
.5 
.5 

14* 
14 

70* 

156 
40 
6 
40 

360 

70 
20 
13 
20 
500 

70 
106 

18 
216 
920 
250 

156 
130 
88 
70 
•5,000 

>1,550 
920 
480 
300 
184 

130 
142 
130 
20 
78 

88 
80 
70 
62 
54 

54 
46 
40 
40 
40 

32 
28 
23 
23 
23 

23 
23 
19 
16 
15 

12 
12 
12 
12 
11 

11 
11 
10 
10 
10 

10 

3 
3 
3 
3 
3 

3 

1.6 

1.5 

1.5 

1.5 

1.5 
1.5 
1.5 
1.5 
1.5 

1.6 

1 
1 
1 
1 

1 

:l 
■l 

.5 
0 
0 

.1 
.1 

0.1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13    

14 

15 

16 

17 

18 

19      

20 

21 

22     

23 

24    

25 

26 

27 

2.5 

28 

2.5 

29...; 

Z5 

30 

2.5 

31 

2.5 

a  Estimated  by  extension  of  rating  curve.    Dischaige,  approximate. 

Note.— These  discharges  are  based  on  rating  curves  applicable  as  follows:  Jan.  1  to  June  30,  not  well 
defined;  July  1  to  Dec.  31,  indirect  method  for  shifting  channels.  Maximum  flood  disctiarge,  Sept.  5, 
gauge  height  7.65  feet,  estimated  by  nutter's  formula  as  7,000  aeoond-feet. 
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Monthly  discharge  of  La  Plata  River  at  La  Platan  N.  Mex.,  for  1906-1909. 


Month. 

Discharge  in  second-feet. 

RmMfl 
(total  in 
acre-feet). 

Aocu- 

Mean. 

racy. 

1906. 
May 25-31...  .            

565 

817 

107 

0 

970 

800 

8 

5 

166 
95 

337 

358 

7.8 

0 

64.0 

79.7 

1.2 

4.2 

4,680 

21,300 

480 

0 

3,810 

4,900 

71 

258 

C. 

June 

C. 

July            .                            

D. 

August 

September...                                                .  .  . 

D. 

October 

D. 

November. 

D. 

December 

4 

D. 

The  period 

35,600 

1906. 
Januftry ,  . 

a  10 

a5.0 
6  29.5 

160 

238 

164 

ft  9.8 

(12.0 

a2.0 

615 

278 

1,810 

9,620 

14,600 

9,160 

672 

123 

95 

D. 

Februairy 

D. 

March    '                                         

190 
360 
450 
320 
182 

C. 

April 

44 

74 
2 

B. 

May!::....:::...:...:.:::.:::..:..:::.::..:::.:::: 

B. 

June 

C. 

July 

D. 

August 

D. 

Sept.  1-24 

D. 

The  period 

36,800 

1907. 
June  7-30    .  -     

260 

750 

1,280 

246 

46 
.5 
.5 

1 

139 
46.7 

123 
38.7 
a. 5 
«.5 
a. 6 

6,620 

2,810 

7,660 

2,300 

31 

30 

37 

C. 

July 

C. 

August 

C. 

September 

C. 

October 

D. 

November 

D. 

December 

D. 

The  period 

19.400 

1908. 
January 

0  0.60 
49.7 
27.1 
22.1 
3.17 
.14 
12.9 
154 
1.33 

37 

2,860 

1,670 

1,320 

195 

8 

793 

9,470 

82 

D. 

February 

600 

106 

85 

12.4 

1.5 

247 

2,300 

5.6 

.5 
.6 
.9 

C. 

March 

B. 

April 

B. 

Mky :.:.:::::::::::::::: 

C. 

June 

D. 

July 

D. 

August 

D. 

December 

:::::: 

B. 

The  period 

16,400 





1909. 
January 

27 

27 

800 

970 

670 

498 

6 

920 

05.000 

23 

3 

2.6 

.9 
.9 

62 

67 

86 
7 
.6 
.6 

23 
3 

6.36 
6.38 

158 

278 

222 

161 
1.63 
93.7 

336 
9.6 
1.36 
.49 

329 

354 

9,720 

16,500 

13,600 

9,580 

94 

6,760 

20,000 

590 

81 

30 

B. 

February. , 

A. 

March 

A. 

April 

B. 

May!::::::...: :::::::.:::::::::::::::::: 

A. 

June 

A. 

July 

C. 

August 

C. 

September 

C. 

October 

C. 

November 

C. 

December 

.1 

D. 

The  year 

a  5, 000. 

76,600 

a  Estimated. 


b  Partly  estimated. 


Note.— The  monthlv  estimates  for  1905  to  1908  were  obtained  from  daily  discharges  found  by  using  the 
1909  rating  curve  as  standard  for  shifting  channels  from  May  26,  1906  to  Apr.  10,  1908,  and  by  using  it 
direct  from  Apr.  11  to  Dec.  31,  1908.  The  low- water  discharges  are  liable  to  large  percentages  of  error 
because  of  infrequent  measurements  and  excessively  low  flow.  It  was  necessary  to  make  flat  estimates 
for  many  of  the  low-water  periods.  The  recorded  maximum  values  are  only  roughly  approximate  as 
the  high-water  stages  were  not  ooveied  by  discharge  measurements. 
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LITTLB  COLORADO  &IVBB  BA8IH. 
DESCRIPTION. 

The  country  drained  by  Little  Colorado  River  consists  of  a  high 
plateau  with  an  elevation  over  4,000  feet  above  sea  levei,  extending 
from  the  Continental  Divide  in  northwestern  New  Mexico  westward 
to  the  San  Francisco  Mountains  in  Arizona  and  troin.  the  Grand 
Canyon  of  the  Colorado  southward  to  the  Mogollon  Mesa.  Hie 
greater  part  of  this  plateau  is  composed  of  rolling  plains  with  a  few 
feet  of  soil  at  the  surface  imderlain  by  rock.  Through  this  plateau 
the  river  winds  northwestward  to  its  jimction  with  the  great  Colorado. 

The  run-off  from  approximately  6,000  square  miles  of  the  drainage 
area  finds  its  way  into  the  Little  Colorado  above  the  mouth  of  Rio 
Puerco,  the  largest  tributary,  which  joins  the  main  stream  2  miles 
above  the  town  of  Holbrook,  Ariz.  Both  the  Little  Colorado  and 
Rio  Puerco  are  flashy  streams,  seldom  clear  even  during  low  stages. 
Their  bottoms  are  shifting  and  sandy,  and  where  not  confined  in 
canyons  the  stream  beds  are  wide  with  abrupt  earth  banks.  ^  The 
discharge  fluctuates  greatly,  being  insignificant  in  dry  seasons.  The 
floods  are  short  and  violent  and  carry  large  quantities  of  silt  in  sus- 
pension. 

LITTLE  COLORADO   RIVER  AT  ST.   JOHNS,   ARIZ. 

This  station,  which  was  established  April  18,  1906,  to  determine 
the  amoimt  of  water  available  for  irrigation,  is  located  at  the  south 
end  of  the  town  of  St.  Johns,  half  a  mile  above  the  dam  and  county 
bridge.  The  bed  of  the  stream  is  clean,  sandy,  and  shifting.  Fre- 
quent measurements  are  necessary  to  properly  determine  the  daily 
flow  at  this  station.  The  discharge  measurements  and  daily  gage 
heights  were  furnished  by  the  United  States  Reclamation  Service, 
who  maintain  this  station.  The  daily  and  monthly  estimates  of 
discharge  were  made  by  engineers  of  the  United  States  Geological 
Survey. 

Discharge  measurements  of  Little  Colorado  River  at  St.  JoknSy  Ariz.,  in  1909, 
[By  W.  D.  Renoher.] 


Date. 


Area  of 

Oaee 

Dis- 

section. 

hel^t. 

charge. 

V 

Feet. 
0.97 

^lo^- 

21 

1.00 

43 

16 

.90 

26 

16 

.90 

27 

16 

.89 

24 

14 

.90 

•     21 

26 

1.00 

41 

26 

O1.09 

48 

26 

a  1.03 

45 

25 

1.02 

43 

42 

1.60 

140 

36 

1.20 

124 

68 

.70 

181 

46 

.50 

107 

32 

.37 

64 

22 

.23 

32 

14 

.17 

14 

8.0 

.13 

9.3 

8.8 

.10 

8.2 

Date. 


Area  of 
section. 


Gaee 
height. 


Dis- 
charge. 


Jan.  22.. 

29.. 
Feb.  8.. 

16.. 

23.. 
Mar.  1.. 

10.. 

17.. 

26.. 
Apr.  8.. 

16.. 

24.. 

May  1.. 

9.. 

17.. 

29.. 
June  9.. 

19.. 

26.. 


15 

22 

Aug. 

2 

10 

16 

26 

Sept 

6 

13 

20 

28 

Oct 

8 

18 

28 

Nov 

10 

24 

Deo 

8 

19    

31 

16 
114 
60 
38 
197 


Fed. 

aso 

.20 

3.00 

1.30 

.90 

6.80 

.67 

1.90 

.80 

.66 

.50 

.60 

.66 

.64 

.66 

.66 

.86 

1.00 

1.16 


33 

22 

601 

150 

74 

1,640 

87 

625 

139 

53 

44 

35 

29 

27 

27 

27 

27 

33 

36 


o  Oage  height  donbtfoL 
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Daily  gage  height,  infeety  of  Little  Colorado  River  at  St,  Johns,  Ariz,,  for  1909, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

8ept 

Oct 

Nov. 

Dec 

1 

2    

0.85 
.85 
.85 
.86 
.86 

.86 
.88 
.87 
.88 
.90 

.90 
.91 
.91 
.92 
.94 

.95 
.95 
.95 
.95 
.95 

.94 
.97 
.96 
.95 
.97 

.98 
1.00 
1.00 
1.00 
1.00 
1.00 

0.08 
.96 
.95 
.94 
.93 

.90 

.90 

.88 
.88 
.90 
.90 
.90 

.89 
.88 
.92 
.90 
.90 

.91 
.92 
.92 

a90 

.90 
.86 
.85 
.88 

.90 
.94 
.98 

1.00 

LOO 
LOO 
LOl 
L02 
L02 

L03 
LOS 
L03 
L03 
LOl 

LOl 
L02 
L02 
L02 
L02 

LOS 
LOS 
LOS 
LOS 
L02 
LOl 

LOl 
L02 
LOS 
LOS 
LOS 

L02 
L02 
L02 
LOl 
L02 

LOS 
1.03 
LOS 
L35 
L51 

L72 
2.05 
L68 
L65 
L58 

L45 
L30 
L25 
L20 
L04 

.85 
.80 
.77 
.68 
.60 

0.65 
.60 

.58 
.58 
.55 

.55 
.50 
.50 
.52 
.50 

.50 
.47 
.45 
.44 
.40 

.40 
.38 
.35 
.35 
.35 

.33 
.32 
.31 
.30 
.28 

.26 
.25 
.24 
.23 
.22 
.20 

a20 
.20 
.18 
.18 
.IB 

.17 
.17 
.17 
.17 
.16 

.16 
.16 
.15 
.15 
.15 

.14 
.14 
.14 
.14 
.13 

.13 
.12 
.12 
.11 
.10 

.10 
.10 
.10 
.10 
.10 

0.09 
.10 
.13 
.28 
.31 

.22 
.20 
.22 
.21 
.20 

.20 
.20 
.20 
.24 
.20 

.20 
.28 
.28 
.30 
.55 

.75 
2.60 
LOS 
.80 
.88 

.85 
.80 
.78 
.55 
.42 
.55 

a95 
LIS 
.97 
.91 
LIO 

LOO 
.90 
.82 
.98 
.95 

.82 
.75 
.72 
.90 
L75 

3.58 
2.15 
2.45 
L90 
L45 

L60 
L20 
.95 
.80 
.70 

.56 
.50 
.52 
.55 
.54 
.50 

0.90 
L12 
.92 
.75 
L40 

L85 
2.12 
L95 
LOS 
.92 

.90 
.86 
.80 
.75 
.68 

.66 
.62 
.60 
.58 
.56 

.55 
.54 
.52 
.51 
.50 

.60 
.50 
.50 
.60 
.60 

0.54 
.54 
.55 
.66 
.57 

.58 
.60 
.60 
.62 
.62 

.63 
.64 
.64 
.65 
.65 

.65 
.65 
.65 
.65 
.66 

.66 
.66 
.65 
.65 
.65 

.65 
.64 
.64 
.64 
.64 
.64 

0.66 
.65 
.66 
.66 
.66 

.65 
.66 
.66 
.66 
.66 

.66 
.64 
.64 
.65 
.66 

.65 
.66 
.66 
.66 
.66 

.66 
.66 
.66 
.66 
.66 

.67 
.68 
.71 
.74 
.77 


0.78 
.81 

3 

.82 

4    

.84 

5 

.84 

6 

.85 

7 

.86 

8 

.86 

9          

86 

10 

.85 

u 

.88 

12          

.94 

13 

.93 

14    

.96 

15 

.95 

16 

.97 

17 

.98 

18 

1.00 

19 

LOO 

20 

LOl 

21 

L06 

22 

L04 

23.               

L05 

24 

LOO 

25 

LIO 

26 

27 

LU 
1.12 

28 

1.13 

29 

L14 

30 9. 

31 

L15 
L15 

Daily  discharge,  in  second-feet, 

of  Little  Colorado  River  at  St,  Johns, 

Ariz., 

for  1909, 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

25 
25 
25 
26 
26 

26 
28 
27 
28 
29 

29 
30 
30 
30 
34 

36 
36 
36 
35 
36 

34 
36 
35 
33 
35 

39 
40 
42 
43 
42 
42 

40 
36 
35 
35 
34 

30 
28 
26 
26 
26 

26 
27 
27 
27 
27 

25 
25 
27 
27 
27 

26 
26 
28 
26 
24 

34 
34 
23 

21 
21 
20 
20 
25 

26 
30 
38 
39 
41 

40 
40 
41 
41 
42 

43 
43 
43 
43 
40 

41 
42 
42 
43 
43 

45 
45 
45 
45 
45 
44 

44 
43 
44 
44 
44 

43 
43 
43 
43 
43 

47 
47 
47 
94 
121 

172 
240 
170 
173 
168 

150 
128 
125 
124 
115 

100 
115 
128 
135 
158 

170 
165 
146 
143 
133 

130 
115 
110 
110 
105 

103 
95 
90 
85 
75 

73 
68 
60 
60 
60 

54 
52 
60 
45 
43 

40 
37 
33 
32 
31 

26 
25 
25 
23 
21 

19 
17 
16 
14 
12 

10 
10 
10 
10 
10 

9 
9 
9 
9 
9 

9 
8 
8 
8 
8 

8 
8 
8 
9 
in 

16 
10 
16 
28 
34 

26 
24 
25 
24 
23 

23 
22 
22 
25 
22 

20 
24 
20 
18 
40 

60 
480 
106 
63 
75 

70 
63 
60 
33 
20 
33 

85 
126 
88 
78 
111 

94 
77 
65 
90 
85 

65 
56 
52 

n 

247 

798 
365 
460 
315 
212 

258 
175 
133 
112 
102 

85 
85 
93 
105 
112 
112 

200 
260 
222 
192 
370 

510 
574 
508 
250 
200 

185 
164 
139 
124 
105 

94 
80 
71 
62 
63 

63 
52 
48 
47 
45 

45 
44 
44 
42 
40 

43 
42 

38 

37 
36 
35 
35 
35 

35 
34 
34 
30 

30 

30 
29 
29 
29 
29 

29 
29 
28 
28 
28 

28 
27 
27 
27 
27 
27 

27 
28 

i 

28 

28 
28 
29 
29 
30 

30 
29 
29 
29 
29 

28 
28 
28 
28 
27 

27 

27 
27 
27 
26 

2S 

28 

28 

29 

2 

30 

3      

30 

4 

30 

5 

30 

6          

29 

7 

28 

8 

28 

9 

28 

10 

26 

11 

28 

12 

35 

13 

32 

14 

34 

15 

32 

16 

32 

17 

33 

18 

33 

19 

33 

20 

32 

21 

37 

22 

35 

23 

34 

24 

34 

25 

38 

26 

35 

27 

37 

28 

38 

29 

36 

30 

36 

31 

27    

36 

Nora.— These  discharges  were  obtained  by  the  indirect  method  for  shifting  channels. 
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Monthly  discharge  of  Little  Colorado  River  at  St.  Johns,  Ariz,,  for  1909. 


Month. 


Diacharge  in  seoond-feet. 


Maximum.   Minlmmn.     Mean. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


43 
40 
45 
240 
170 
26 
480 
798 
674 
43 
30 


796 


32.7 
27.9 
38.0 
90.7 
81.6 
12.6 
49.1 

159 

161 
32.1 
27.8 
82.5 


62.9 


Run-off 
(total  In 
acre-feet). 


2,010 
1,560 
2,340 
5,930 
5,020 
750 
3.020 
9,780 
9,580 
1,970 
1,650 
2,000 


45,600 


Acca- 
racy. 


LITTLE    COLORADO   RIVER   AT   WOODRUFF,  ARIZ. 

This  station,  which  was  estabUshed  March  16,  1905,  was  located 
about  300  feet  below  the  crossing  of  the  Holbrook-Winslow  wagon 
road  and  one-fourth  mile  below  the  Woodruff  dam.  It  is  main- 
tained by  the  United  States  Reclamation  Service. 

The  station  equipment,  which  was  carried  away  by  t^e  flood  of 
November  26  and  27,  1905,  was  replaced  March  24,  1906.  The  object 
of  the  station  was  to  determine  the  amount  of  water  available  for 
irrigation.  The  bed  of  the  stream  is  sandy  and  shifting,  and  fre- 
quent measurements  are  required  to  determine  the  daily  flow. 

No  measurements  were  made  in  1909  and  only  a  few  gage  heights 
were  recorded.  The  water  surface  was  below  the  gage  during  the 
greater  part  of  January. 

LITTLE    COLORADO   RIVER   AT   HOLBROOK,  ARIZ. 

This  station,  which  was  established  March  17,  1905,  to  determine 
the  amount  of  water  available  for  irrigation,  is  located  at  the  county 
bridge  across  Little  Colorado  River  at  Holbrook,  Ariz. 

The  bed  of  the  stream  is  sandy  and  shifting,  and  frequent  discharge 
measurements  are  required  to  properly  determine  the  daily  flow. 

No  discharge  measurements  were  made  in  1909. 

This  station  is  maintained  by  the  United  States  Reclamation 
Service. 
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Daily  gage  height,  infeet,  of  Little  Colorado  River  at  Holbrook,  Ariz. ,  for  1909. 
[Anna  Conner,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

3.4 
3.4 
3.4 
3.4 
3.3 

3.2 
3.2 
3.1 
3.0 
3.0 

3.0 
3.0 
3.0 
3.0 
3.0 

3.0. 
3.0 
3.0 
3.0 
3.56 

3,6 
3.4 
3.2 
3,0 
3.0 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

3.0 
3.0 
3.0 
3.0 
3.0 

3.0 
3.0 
3.0 
3.0 
3.0 

3.0 
3.0 
3.0 
3.0 
3.0 

2.9 
2,8 
2.8 
2.8 
2.8 

2.8 
2.8 
2.8 
2.8 
3.0 

3.0 
3.0 
3.0 

3,0 
3.0 
3,0 
3,0 
3,0 

3.0 
3.0 
3.0 
3.0 
3,0 

3,0 
2.9 
2,8 
2.8 
2.8 

2.8 
2.9 
3.0 
3.0 
3.0 

3.0 
3.0 
3.0 
3.0 
3,0 

3,0 
3,0 
3,0 
3.0 
3.0 
3.0 

3.0 
3.0 
3.0 
3,0 
3.0 

3.0 
3,0 
3.0 
3,0 
3,0 

3,5 
3,2 
3.0 
3.0 
3,0 

3.0 
3.0 
3.0 
3,0 
3.0 

3.3 
3.6 
3,2 
3.0 
3,0 

3.0 
3.0 
3.0 
3.0 
3,4 

3.4 
3.3 
3.0 
3.0 
3.0 

3.0 
3.0 
3.0 
3.0 
3.0 

3.0 
2.0 
2.95 
2.9 
2.9 

2.9 

2,9 

2.85 

2,8 

2.8 

2.8 
2.8 
2.8 
2.8 
2.7 

2.6 
2.6 
2.6 
2.6 
2.6 
2.6 

2.4 
2.4 
2.4 
2.4 
2.4 

2.4 

2.4 

2.35 

2.3 

2.3 

2.3 
2.3 
2.3 
2.3 
2.25 

2.2 
2.2 
2,1 
2,0 
2.0 

2,0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.8 
2.8 
2.6 
2.6 

2.6 

2.6 

2.55 

2.6 

2.4 

2.3 

2.2 

2.1 

2.06 

2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

3.6 
3.5 
3.0 
3.0 
5.5 

4.5 
3.6 
3.0 
3.0 
3.0 
3.0 

3.0 
3.0 
4.5 
3.0 
6.6 

6.0 
6.0 
6,0 
6,0 
4.6 

5,8 
6.3 
6,0 
7.8 
6.0 

6.5 
5.0 
7.0 
7.0 
7.5 

7.5 

7,0 

7.5 

7.45 

7.6 

7.8 
7.8 
7.8 
7.5 
6.5 
5.5 

5.0 
5,0 
5.2 
5.2 
7.6 

7,0 
5,6 
6,0 
4.9 
4.7 

4.6 

4.55 

4.5 

4.45 

4,4 

4,4 
4.35 
4.3 
4.3 
4.2 

4.1 
4.1 
4.0 
4.0 
4.0 

4.0 
3.9 
3.9 
3.7 
3.8 

3.6 
3.6 
3.5 
3.4 
3.4 

3.35 
3,3 
3.3 
3.25 
3.2 

3.2 
3.2 
3.1 
3.1 
3.1 

3.1 
3.0 
3.0 
3.0 
3.0 

3.0 
3.0 
2.95 
2,9 
2.9 

2,9 
2.85 
2.8 
2,8 
2.8 
2.8 

2,8 
2.8 
2,8 
2.8 
2.8 

2,8 
2,8 
2.8 
2,8 
2.8 

2,8 
2,8 

11 

2.8 

2.8 
2.8 
2,8 
2,8 
2,8 

2.8 
3,25 
3,15 
3.0 
3,0 

3,0 
3.0 
3.0 
3.0 
3.0 

3.0 

2 

3.0 

3 

3,0 

4... 

3.0 

6 

3.0 

6 

3.0 

7 

3,0 

8 

2,95 

9 

2,9 

10 

2.9 

11 

3.0 

12 

3.0 

13 

3.0 

14 

3.0 

16 

3.0 

16 

3.0 

17 

3.0 

18 

3.0 

19 

4.0 

20 

3,6 

21 

3.0 

22 

3,0 

23 

3.0 

24 

3.0 

25 

2.9 

26 

2,8 

27 

2.9 

28 

3.0 

29 

3.0 

30 

3.0 

31 

3,0 

EVAPORATION   AT   HOLBROOK,  ARIZ. 

Observations  of  evaporation  at  Holbrook,  Ariz.,  were  begun  on 
August  2,  1905,  and  observations  were  made  daily  from  that  time 
imtil  December  31,  1909,  when  they  were  discontinued. 

As  water  in  the  river  was  insufficient  to  float  an  evaporation  pan 
during  the  greater  part  of  the  summer  months,  a  cement  tank  8  feet 
square  and  3  feet  deep  was  built  on  the  property  of  Mr.  John  Conner 
in  the  town  of  Holbrook.  In  this  tank  a  regulation  pan,  3  feet  square 
and  18  inches  deep,  was  floated,  so  secured  as  to  keep  it  at  all  times 
practically  in  the  very  center  of  the  tank.  The  tank  was  situated 
about  25  feet  from  the  house  and  50  feet  from  some  large  cotton- 
wood  trees. 

A  regulation  Weather  Bureau  rain  gage  was  located  in  the  imme- 
diate vicinity  and  at  such  distance  as  to  receive  the  least  possible 
influence  from  such  obstructions  as  houses  and  fences. 

The  prevailing  winds  in  this  section  are  from  the  southwest  to  the 
northeast;  the  nearest  trees  on  the  southwest  are  about  150  feet 
away.  The  trees  within  50  feet,  above  referred  to,  are  practically 
due  north  of  the  site  of  the  tank  and  exert  very  little  influence  on 
the  observations. 
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The  method  used  m  making  measurements  was  as  follows:  The 
pan  was  kept  filled  within  a  few  inches  of  the  top,  the  water  in  the 
tank  outside  being  kept  practically  at  the  same  level,  the  pan  being 
filled  to  a  height  indicated  by  the  pointed  tip  of  a  vertical  rod  in  the 
center  of  the  tank.  Every  morning  and  evening,  after  such  change 
as  might  be  brought  about  by  evaporation  or  rainfall,  water  level 
was  restored  to  the  original  height,  the  precise  amount  of  water 
transferred  being  measured  with  a  cup  of  such  size  that  one  cupful 
of  water  was  equivalent  to  0.01  inch  in  depth  in  the  tank. 

No  interruptions  occurred  in  the  observations  during  the  year 
1905.  During  1906  water  in  the  pan  froze  on  January  5  and 
remained  so  imtil  January  30,  no  observations  being  taken  during 
that  period.  During  the  remainder  of  the  year  very  few  interrup- 
tions occurred,  so  that  for  1906  the  records  are  fairly  complete. 
The  same  is  true  for  1907,  1908,  and  1909. 

The  records  show  considerable  variation  between  a  daily  minimum 
of  zero  in  cold  weather  and  0.5  inch  in  hot  weather,  the  maximum 
figures  being  occasioned  chiefly  by  days  of  excessively  high  wind, 
which  prevails  along  the  Little  Colorado  for  a  large  part  of  the  spring 
months. 

The  tables  given  below  show  the  monthly  evaporation,  rainfall, 
average  temperature  of  water  in  the  pan  and  average  temperature 
of  air.  The  temperature  of  water  outside  the  pan  did  not  vary  from 
the  temperature  of  that  inside  by  more  than  about  1  degree.  The 
records  of  rainfall  and  air  temperature  were  obtained  from  Weather 
Bureau  reports  for  the  station  at  Holbrook,  and  may  not  show  pre- 
cisely the  conditions  at  the  evaporation  station.  The  other  records 
were  compiled  from  data  furnished  by  the  United  States  Reclamation 
Service. 

The  latitude  of  Holbrook  is  about  34.5°  north;  its  longitude  about 
110°  west;  its  elevation  above  sea  level,  5,072  feet;  the  rainfall  for 
the  period  from  1887  to  1908  shows  a  mean  of  8.99  inches,  the  lowest 
being  4.58  inches  in  1899  and  the  highest  17.63  inches  in  1905. 

Monthly  evaporatwriy  rainfall,  and  temperature  at  Holbrook,  Anz.,for  1905-1909. 


X..,.. 

Temperature.  , 

Month. 

Evapo- 
ration. 

1 

Rain- 
fall. 

Temperature. 

Month. 

ration.  1    (all. 

1 

Water 
in  pan. 

1 
Air.    j 

i 

Water 
in  pan. 

Air. 

1905. 
January 

Inches.   Inches. 
1 

•F. 

1906. 
January 

Inches. 

60.03 
1.24 
3.28 
5.12 
6.93 
8.61 
7.42 
6.24 
5.12 
3.44 
cl.47 
d.94 

Inches. 
1.12 
.23 
.46 
.50 
.17 
.00 
1. 11 
1.25 
.34 
T. 
1.22 
2.32 

41.9 
46.4 
62.2 
60.3 
66.6 
70.6 
70.4 
65.3 
56.0 
46.1 
42.4 

41.8 

February 

Febniary.           .  - 

38.6 

March 

March 

42.2 

April 

April 

5a4 

May 

MSy.! 

57,7 

June 

June 

69.6 

July 

1 

July    

76.4 

August 

a6.66        6.76 
4.67         1.37 
4.26            (^ 



73.5 
66.4 
66.9 
48.4 
37.5 

76.5 
68.2 
63.6 
44.2 
25.9 

August 

74.8 

September 

October 

September 

October 

65.6 
55.0 

November 

December 

1.45 
.22 

3.82 
1.11 

November 

December 

43.5 
81.0 

a30  days. 


65  days. 


e26days. 


(i24  days. 
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Monthly  evaporation^  rainfall,  and  temperature  at  Holhrooh,  Aria.,  for  1905-1909 — Con. 


Month. 


1907. 
January... 
February. . 

March 

April 

May 

June 

July 

August 

September . 
October... 
November. 
December. 

1908. 
January... 
February. . 

March 

AprU 

May 

June 

July 


Evapo- 
ration. 


Inches. 

aO.72 

fcl.16 

2.28 

3.82 

3.96 

3.92 

6.35 

6.39 

4.62 

3.95 

C2.61 

2.37 


3.41 
3.40 
2.85 
2.85 

4.87 
5.18 
6.76' 


Rain- 
faU. 


Inches. 

1.64 

.44 

.71 

.85 

.73 

.54 

3.09 

1.89 

.43 

3.44 

1.40 

T. 


.67 
1.49 
.52 
.81 
.66 
.24 
2.15 


Temperature. 


Water 
in  pan. 


41.5 
42.4 
44.6 
50.9 
56.5 
52.0 
60.3 
71.7 
66.8 
65.6 
51.2 
44.5 


44.3 
43.1 
41.4 
42.9 
46.3 
48.0 
53.4 


Air.    i 


•F. 
38.8 
44.6 
48.8 
56.6 
57.8 
66.2 
76.5 
73.2 
66.8 
56.6 
42.8 
37.9 


37.0 
39.2 
47.2 
52.4 
55.8 
68.0 
77.0 


Month. 


1908. 

August 

September 

October 

November 

December 

The  year. . 

1909. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


Evapo- 
ration. 


Inches. 
5.18 
4.07 
3.53 
3.23 
3.29 


48.62 


4.13 
3.33 
1.99 
2.78 
4.26 
6.79 
7.77 
4.10 
e3.63 
3.11 
2.12 
1.37 


Rain- 
faU. 


Inches. 
2.71 

.26 
1.31 

.21 
1.51 


12.54 


.44 

.17 
.35 
.67 
.00 
.02 
3.99 
2.70 
.31 
.00 
.15 
1.27 


Temperatort. 


Water 
in  pan. 


52.4 
49.4 
46.5 
44.0 
41.1 


45.4 


42.6 
42.2 
41.5 
40.7 
44.1 
62.5 
76.7 
71.9 
71.4 
65.0 
48.8 
40.7 


Air. 


74.4 
67.4 
52.0 
47.0 
39.0 


54.7 


41.8 
38.6 
42.2 
50.4 
57.7 
60.6 
76.4 
74.8 
65.6 
55.0 
43.5 
31.0 


o  24  days. 


b  27  days. 


e  29  days. 


CLEAR   CREEK   NEAR   WINSLOW,  ARIZ. 

This  station,  which  was  established  June  13,  1906,  to  determine 
the  quantity  of  water  available  for  irrigation,  is  located  6  miles  from 
Winslow  and  3  miles  above  the  Clear  Creek  Irrigation  Co.'s  dam  and 
the  county  bridge.  It  is  one-half  mile  above  the  pump  house.  The 
bed  of  the  stream  is  strewn  with  large  bowlders  and  is  permanent. 

No  discharge  measurements  were  made  in  1909. 

The  station  is  maintained,  and  the  data  have  been  furnished  by  the 
United  States  Reclamation  Service. 

Daily  gage  height y  in  feet^  of  Clear  Creek  near  Winslow ^  Ariz.,  for  1909. 


Day. 

Jan. 

Day. 

Jan.  ! 

Day. 

Jan. 

1       

2.1 
2.1 
2.1 
2.1 
2.1 

2.1 
2.1 
2.1 
2.1 
2.1 

11 

2.1 
2.1 
2.1 
2.1 
2.1 

4.1 

5.0 

4.26 

4.0 

4.0 

21 

4.0 

2 

12 

22 

4.0 

3 

13 

23 

4.0 

4 

14. 

24 

4.0 

5 

15 

25 

4.0 

6 

16 

26 

6.5 

7 

17... 

27        .  . 

5.5 

8 

18 

28 

5.0 

9 

19 

29 

4.5 

10 

20 

30  .. 

4.0 

31 

4.0 

Note.— Rise  on  Jan.  16  and  26  due  to  ratn  and  melting  snow  in  mountains.    Tlie  stream  was  flow- 
ing more  than  usual  at  this  season. 
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FLOOD   ON   ZUNI   RIVER,  ARIZ.,  SEPTEMBER  6,  1909.* 

During  the  last  10  days  of  the  month  of  July,  all  of  August,  and  the 
first  six  days  of  September,  1909,  the  rains  on  the  drainage  basin  of 
Zuni  River  in  Arizona  were  heavy;  but  they  were  not  general  over 
the  whole  tract,  being  more  in  the  nature  of  heavy  showers,  approach- 
ing at  times  what  are  termed  ''cloud  bursts." 

The  Weather  Bureau  stated  in  its  summary  for  the  month  of 
August: 

For  the  district  [No.  9,  in  which  the  Zuni  drainage  basin  is  situated],  as  a  whole, 
the  month  was  the  wettest  since  the  beginning  of  the  record,  and  was  even  more 
remarkable  for  the  abnormal  distribution  of  the  rainfall  than  for  its  intensity. 

For  the  entire  Little  Colorado  Basin  the  average  was  1.782  above 
the  normal. 

These  rains  cuhninated  in  heavy  discharges  on  both  sides  of  the 
Zimi  Mountains  on  September  5  and  6.  On  the  afternoon  of  Septem- 
ber 6  the  Bluewater  dam  on  the  east  slopes  of  this. mountain  range 
was  destroyed,  and  within  a  few  minutes  of  the  same  time  the  water 
undermined  the  mesa  on  the  south  end  of  the  Zuni  dam,  on  the  west 
slopes,  partly  wrecking  the  reservoir.     (See  Pis.  VIII  and  IX.) 

Records  were  kept  of  the  amount  of  water  flowing  into  the  Zuni 
reservoir  by  observing  gage  heights,  the  capacity  of  the  reservoir 
at  all  depths  being  known.  During  the  period  from  July  20  to 
September  6  there  was  impounded  9,540  acre-feet  of  water. 

The  drainage  area  of  this  stream  above  the  reservoir  is  650  square 
mUes,  at  elevations  ranging  from  6,300  feet  at  the  reservoir  to  9,200 
feet  on  the  tops  of  the  mountains,  which  form  the  Continental  Divide. 

No  records  of  rainfall  are  available  within  this  drainage  area,  the 
nearest  one  being  at  Zuni,  below  the  dam  site,  at  Fort  Wingate  some 
35  miles  northeast  of  the  dam,  and  at  Manuelito  about  the  same 
distance  northwest,  and  all  at  an  elevation  of  about  6,300  feet;  the 
two  last  mentioned  are  on  other  drainage  basins.  On  the  east  side 
of  the  divide  records  are  available  from  Bluewater  station,  Blue- 
water  reservoir,  and  San  Rafael.  The  rainfall  on  the  moimtains 
was  undoubtedly  heavier  than  at  these  lower  elevations. 

An  effort  has  been  made  to  determine  the  relation  of  the  run-off  to 
the  rainfall  by  using  the  available  records,  but  the  nature  of  the 
country,  and  the  peculiar  conditions  of  heavy  rains  in  one  section 
and  no  precipitation  in  others  a  few  miles  distant  make  it  impossible. 

The  points  where  the  records  were  kept  on  the  west  of  the  divide, 
form  a  triangle  practically  30  miles  on  a  side  in  an  air  line,  though  a 

1  By  H.  F.  Robinson,  superintendent  of  irrigation,  United  States  Indian  Irrigation  Senrioe;  published 
also  in  Eng.  News,  vol.  64,  Aug.  25, 1910,  pp.  20a-204. 
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WATER-SUPPLY  PAPER  269      PLATE  VIII 


A.     SPILLWAY  SURFACE.  LOOKING   DOWNSTREAM,  SHOWING   DEPRESSION    CAVITY,  WRECKED 
SPILLWAY,  AND  BOTH  WRECKED  WALLS. 


li.     LOWER  TOE  OF  DAM.  SHOWING  MOVEMENT  AND  BREAK  IN  MASONRY  AT  SPILLWAY. 

FAILURE    OF    2UNI    DAM,    N.    MEX.,   SEPTEMBER    6,    1909. 


Digitized  by 


Google 


Digitized  by 


Google 


COLORADO  RIVER  BASIN. 


207 


third  longer  by  any  road,  and  there  is  nothing  in  the  rainfall  records 
to  indicate  a  general  storm  of  similar  intensity  at  any  time  during 
the  period.  On  days  when  rain  was  recorded  at  all  three  points  the 
precipitation  varied  greatly — as  on  August  2:  ManueUto  1.05,  Fort 
Wingate  trace,  Blackrock  0.35;  or  as  on  the  29th:  Manuelito  0.50, 
Fort  Wingate  0.20,  Blackrock  0.20;  and  on  September  6:  Manuelito 


Rainfall  rtatlon 


O 

Gaging  station 


FiGuas  1.— Map  of  Zuni  River  drainage  basin,  showing  ralniaU  stations. 

0.01,  Fort  Wingate  1.20,  and  Blackrock  0.46.    On  these  same  dates, 
on  the  east  slope  of  the  mountains  the  record  shows: 

August  2,  Bluewater,  0.0;  Bluewater  reservoir,  0.0;  San  Rafael,  0.0. 
August  29,  Bluewater,  0.12;  Bluewater  reservoir,  0.0;  San  Rafael,  0.96. 
September  6,  Bluewater,  record  lost;  Bluewater  reservoir,  Tr.;  San  Rafael,  0.70. 

The  accompanying  tables  show  the  rainfall  at  these  six  points  and 
the  inflow  into  the  Zuni  reservoir. 
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Precipitation^  in  inches^  between  July  20  and  Sept,  6,  1909. 


Date. 

Blackrock. 

SanRalael. 

Blue  water 
reservoir. 

Bluewater 
fltatton. 

a24 

Fort 
Wingate. 

ManueUto. 

Increftaeln 

reservoir 

in  acr«-feet. 

July  20 

ao2 

.03 
.04 
.05 
.07 
.20 
.20 

^ 

a40 
.10 
Tr. 
.40 
.10 
.40 

a33 
.20 
.10 

21 

a  14 

22 

0.35 

23 

1.38 
.06 

.47 

1,160 

24 

.70 

26 

.05 

26 

.30 

27 

Tr. 

28 

29 



30 

Tr. 

.01 

31 

.20 

.15 
.30 

Auk.  1 

.61 

.71 

.10 
Tr. 

:i6' 

1.05 

330 

^  i::::;:::;:: 

.36 
.29 
.35 
.28 

3 

.29 
.82 
.17 

Tr. 

.18 

%} 

4 

.20 
.20 
.50 
.20 
.10 
.20 

.10 

280 

6 

.13 

440 

0 

Tr. 
.50 
.35 
.20 
.70 

380 

7 

.09 

.20 

•    8 

sr 

9 

.13 
.10 
.04 

.27 
.04 
.05 
.48 

& 

10 

11 

1.52 
1.18 

Tr. 
Tr. 

Tr. 
Tr. 

20b 

12 

.20 

13 

Tr. 
.08 
Tr. 
Tr. 
.01 
.06 
.02 
Tr. 

•  14 

.50 

.60 

50 

15 

Tr. 
.50 
.10 
.20 
Tr. 
.30 
.20 

16 

.74 
.19 
60 
.76 

.32 

360 

17 

.28 

80 

18 

.is 

.22 

180 

19 

.38 

820 

20 

100 

21 

.90 

.62 
.29 
Tr. 

.28 

900 

22 

Tr. 
.63 
.07 
Tr. 
Tr. 
Tr. 
Tr. 
.13 
.20 

.50 
3.00 

180 

23 

.37 

.20 

20 

24 

780 

25 

Tr. 
Tr. 
.03 
Tr. 

.37 
.58 

1.30 
.50 
.20 
Tr. 
.20 
.20 

80 

26 

.44 

27 

20 

28 

.45 
.96 

29 

.12 
.63 

.50 
.30 

30 

31 

.06 
Tr. 

Sept.  1 

.03 

.18 

.40 

.50 

2 

260 

3 

.04 
.20 
.60 
.46 

.38 

.63 
.91 
.42 
Tr. 

.32 
1.20 

.59 
1.20 

4 

.60 
.20 
.01 

5 

.88 
.70 

640 

6 

•  2,260 

Total  for  |>erlod, 
July     20    to 
8ept.6 

4.97 

14.05 

6.04 

5.00 

ia5i 

laio 

a  To  4  p.  m.  wheD  Zuni  reservoir  failed.    Bluewater  dam  went  out  at  practically  the  same  time. 

The  rains  began  about  July  20,  and  there  had  been  no  flow  in  Zuni 
River  for  some  time  previous  to  this  date.  A  heavy  rain  was  recorded 
at  Fort  Wingate  on  the  20th,  and  on  the  night  of  the  22d  and  the  day 
of  the  23d  the  amount  of  water  impounded  was  1,160  acre-feet. 

The  small  value  of  existing  rainfall  records  in  this  connection  is 
shown  by  the  reports  for  the  25th  and  26th;  these  days  0.2  inch  of 
rain  was  recorded  at  the  fort,  but  there  was  no  flow  into  the  reser- 
voir. No  further  rainfall  was  recorded  until  August  1,  but  on  that 
day  there  was  an  increase  of  water  in  the  reservoir  of  320  acre-feet, 
showing  a  local  rain  in  the  drainage  area. 
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A.    VIEW  OF  SPILLWAY.  LOOKING  NORTHEAST. 


B.     VIEW  OF  INTAKE.  LOOKING  NORTHEAST. 

FAILURE    OF    ZUNI    DAM,    N.    MEX.,   SEPTEMBER    6,    1909. 
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No  relation  between  the  precipitation  at  these  stations  and  the 
run-off  is  apparent,  but  probably  some  relation  could  be  discovered 
were  records  available  for  a  period  of  years. 

The  following  table  shows  day  by  day  the  amount  stored  in  the 
reservoir  and  gives  the  average  run-off  for  the  day,  but  no  records 
were  kept  that  will  show  the  actual  flood  and  its  fluctuations: 

Log  of  the  Zuni  reservoir ,  July  22  to  Sept.  6,  1909. 


Data. 

Gage 
height 
(feet). 

Total 

'a. 

Gain 

(acre- 
feet). 

Notes. 

July  22 

28.0 
30.7 
31.4 
31.5 
32.1 
33.1 
33.8 
33.9 
34.1 
34.5 
34.6 
35.3 
35.5 
35.8 
37.5 
37.7 
39.4 
39.7 
39.8 

41.25 
41.4 

5,300 
6,460 
6,780 
6,800 
7,080 
7,520 
7,900 
7,960 
8,010 
8,210 
8,260 
8,620 
8,700 
8,880 
9,700 
9,800 
10,700 
10,880 
10,900 

11,680 
11,760 

Finit  rHir)8, 

23 

1,160 
320 

20 
280 
440 
380 

50 

60 
200 

50 
360 

80 
180 
820 
100 
900 
180 

20 

780 
80 

Aug.  1 

4 

6 

6 

8 

9 

Discharge  through  dam,  34  gallons  a  minute. 

11 

14 

16 

17 

Discharge,  40  gallons. 

18 

19 

Discharge  clear,  66  gallons. 

20 

Discharge,  96  gallons  a.  m.,  54  gallons  p.  m. 
Discharge  muddy,  138  gallons. 

21 

22 

Muddy  a.  m.,  clear  p.  m.,  66  gallons. 

First  noticed  small  crack  on  top  of  dam.    Discharge,  66 

gallons. 
Muddy,  discharge,  87  gallons. 
Clear,  discharge,  96  gallons.   Slip  on  hillside  of  5  or  0  feet . 

more  cracks  developed  above  timnel. 
Discharge,  96  gallons. 

23 

24 

25 

26 

27 

41.8 

11,780 

20 

Discharge  in  morning,  87  gallons:  1  p.  m.  sink  at  north 

end  and  15  feet  of  parapet  wall  fell  out,  discharge,  284 

gallons,  then  fell  to  187  gallons. 
Discharge,  150  gallons,  hole  about  30  feet  in  diameter  and 

4  to  5  feet  deep;  5  p.  m.  discharge,  96  gallons;  11  p.  m. 

discharge,  96  gallons. 
Discharge  same.   Slips  at  old  quarry  go  deeper.   Slide  at 

tunnel  mouth.   Tunnel  discharge,  96  gallons;  had  been 

20. 
Discharge,  134  gallons. 
Discharge,  134  to  165  gallons. 
Discharge,  154  gallons. 
Discharge,  114  gallons. 
Discharge,  96  gallons. 
Discharge,  124  gallons. 
Discharge,  467  gallons. 
Dischai^,  about  same. 
Several  second-feet.    Failure  of  Ztml  reservoir  began 

about  4  p.  m.    Bluewater  dam  went  out  at  practically 

the  same  time. 

28 

29 

30 

31 

Sept.  1 

1 

^    2 

41.9 

12,040 

2G0 

3 

6 

42.9 
45.6 
46.6 
47.1 

12,580 
14,020 
14,560 
14,840 

540 

1,440 

540 

280 

6,  a.  m... 
noon... 
4p.m.. 

On  September  5,  following  several  days  of  rain  in  the  mountains, 
the  run-off  measured  540  acre-feet.  Between  dark  that  day  and 
daylight  the  next  morning  the  run-off  was  1,440  acre-feet;  by  noon 
there  was  540  additional  feet  accounted  for,  and  between  noon  and 
4  p.  m.,  when  the  mesa  failed,  280  acre-feet  more,  or  a  total  of  2,260 
acre-feet  in  about  21  hours. 

This  so-called  failure  of  the  Zuni  dam  has  thus  been  described  by 

James  D.  Schuyler,  consulting  engineer: 

The  extraordinary  rupture  and  subsidence  of  the  mesa  adjacent  to  the  Zuni  dam 
on  the  south  side,  as  the  result  of  leakage  through  the  basaltic  cap  rock,  occurred 
September  6,  1909,  after  the  reservoir  had  filled  almost  to  overflowing,  producing  a 
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complete  wreck  of  the  spillway,  with  its  fine  masonry  side  walls,  and  within  a  week 
had  pennitted  to  escape  about  one-half  the  contents  of  the  reservoir.  This  accident 
has  attracted  widespread  attention  among  engineers,  as  it  is  quite  without  precedent 
in  the  annals  of  hydraulic  engineering.  The  foundations  of  dams  sometimes  give  way 
underneath  the  superimposed  structures,  but  it  is  quite  a  novel  experience  that  a 
dam  and  its  foundations  should  remain  intact  while  the  adjacent  territory  forming  ita 
abutment  at  highest  level  should  prove  so  imstable  as  to  sink  from  4  to  9  feet  and  leak 
to  the  extent  of  5,000  cubic  feet  per  second  around  the  end  of  the  dam,  when  it  had 
appeared  to  be  particularly  sound,  solid,  and  water  tight. 

A  fairly  complete  report  of  this  failure  was  given  in  the  Engineermg 
News  for  December  2,  1909. 

vntam  biveb  basin. 

DESCRIPTION.* 

Virgin  River  rises  in  the  Colob  Plateau,  in  the  southwestern  part 
of  Utah,  at  an  altitude  ranging  from  8,000  to  10,000  feet  above  sea 
level,  flows  in  a  general  southerly  course  across  the  southwestern 
comer  of  Arizona  into  Nevada,  where  it  turns  and  flows  southward 
to  its  junction  with  the  Colorado  at  Rioville,  just  above  Boulder 
Canyon.  The  smaller  creeks  that  drain  the  eastern  portion  of  the 
plateau  unite  after  descending  to  an  altitude  of  5,500  feet  above  the 
sea  and  form  what  is  called  the  Parunuweap  Fork  of  the  Virgin.  At 
and  below  the  junction  of  these  creeks  the  canyon  valley  in  which 
they  flow  widens  into  what  is  known  as  Long  Valley.  Below  Long 
Valley  the  East  Fork  enters  Panmuweap  Canyon  and  is  simply  a 
series  of  cascades  for  15  miles,  descending  in  this  distance  from  5,000 
to  3,500  feet  above  sea  level.  Emerging  from  this  canyon,  it  enters 
the  valley  of  the  Virgin.  This  valley  is  44  miles  long.  Its  upper 
portion  is  only  an  enlargement  of  the  canyon;  its  lower  portion  is  a 
broader  valley,  much  broken  by  low  basalt-covered  mesas  and  sharp 
ridges  of  tilted  sedimentary  rocks.  In  the  upper  portion  of  the 
valley  the  river  receives  several  tributaries,  the  principal  ones  being 
Little  Zion,  North  Fork,  La  Verkin,  and  Ashe  creeks.  Midway  of 
the  valley  two  streams  enter  that  come  from  Pine  Valley  Mountains, 
and  near  the  foot  Santa  Clara  River  joins  the  Virgin,  the  united 
streams  leaving  the  valley  by  a  deep  canyon  cut  through  the  Beaver 
Dam  Mountains.  The  valley  of  the  Virgin  is  at  a  lower  -altitude  and 
has  a  warmer  climate  than  any  other  portion  of  Utah.  The  soil  of 
the  irrigable  lands  is  usually  good,  and  wherever  irrigation  can  be 
practiced  it  produces  abundant  crops. 

VIRGIN   RIVEB   AT   VIRGIN,  UTAH. 

This  station,  which  was  established  April  18,  1909,  is  located  about 
half  a  mile  east  of  and  above  the  town  of  Virgin,  Utah. 

1  Abstracted  from  report  on  the  lands  of  the  vid  region  of  the  United  States,  with  a  more  detailed  aooooDt 
of  the  lands  of  Utah,  by  J.  W.  Powell,  1878:  Chapter  9,  Irrigable  lands  of  that  portion  of  Utah  dnlned  by 
the  Colorado  Rlvw  and  its  tilbutariesy  by  A,  H,  TbQmpeon,  pp.  Ul-153. 
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The  station  is  about  1,000  feet  below  North  Creek  and  is  above 
Ashe  and  La  Verkin  creeks,  which  enter  about  8  miles  below.  There 
are  no  divisions  of  any  importance  above. 

The  records  are  unaffected  by  ice  or  by  artificial  control  above  or 
below  the  station.  The  bed  of  the  stream  changes  to  a  great  extent 
during  floods. 

The  first  gage  was  used  until  August  7  when  the  section  was 
changed  by  a  flood  causing  the  water  to  leave  the  gage.  On  August 
31  the  gage,  cable,  and  bench  marks  were  washed  out  and  the  section 
materially  altered.  On  October  13  a  new  gage  was  installed  at  a 
different  datum.  Owing  to  the  marked  change  in  the  channel, 
there  can  be  no.  determined  relation  between  the  old  and  new  gages. 

Discharge  meaaureTnents  of  Virgin  River  at  Virgin^  Utah,  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

height. 

Feet. 
2.65 
1.65 
2.8 

62.8 

Di». 
charge. 

May  30 

July   13 

23 

E.  A.  Porter 

Feet. 
89 
84 
90 
56 

64.1 
151 
56.1 

Sec-ft, 
457 

..do 

88 

Walter  Spencer 

557 

Oct.    13a 

E .  A .  Porter 

163 

a  Made  after  the  change  in  channel  conditions.       f>  Oage  height  from  new  gage  at  different  datum. 
Daily  gage  height,  in  feet,  of  Virgin  River  at  Virgin,  Utah,  for  1909. 


[M.  A.  ] 

Hamilton,  observer.] 

Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Oct. 

Nov. 

Dec. 

1 

4.0 
3.8 
3.8 
3.8 
3.6 

3.4 
3.4 
3.7 
3.5 
3.4 

3.4 
3.2 
3.2 
3.3 
3.1 

3.1 
3.0 
3.0 
3.0 
3.0 

2.9 
2.9 
2.9 
2.8 
2.8 

2.8 
2.7 
2.7 
2.7 
2.6 
2.6 

2.6 
2.6 
2.6 
2.6 
2.7 

2.7 
2.6 
2.6 
2.5 
2.5 

2.5 
2.4 
2.4 
2.4 
2.4 

2.4 
2.4 
2.4 
2.3 
2.3 

2.1 
2.1 
2.1 
2.0 
2.0 

2.0 
1.9 
1.7 
1.7 
1.6 

1.3 
1.3 
1.2 
1.3 
1.3 

1.4 
1.4 
1.5 
1.6 
1.6 

1.7 
1.7 
1.7 
1.7 
1.7 

1.7 
1.7 
1.7 
1.7 
1.7 

1.9 
2.1 
2.8 
2.3 

1.5 
1.6 
1.7 
1.6 
1.6 

1.5 

2.95 

2.9 

2.8 

2.75 

2.9 

2.85 

3.0 

3.0 

2.95 

2.9 

3.0 
3.1 
3.1 
3.4 
3.3 

3.35 

3.1 

3.0 

2.95 

3.1 

3.0 

2.9 

2.96 

2.8 

2.8 

2.9 

2.85 

2.8 

2.85 

2.75 

2.8 

2                       

2.9 

3 

2.9 

4 

3.1 

5 

3.0 

6 

2.8 

7 

2.7 

8 

2.8 

9 

2.9 

10 

2.7 

11 

2.9 

12 

2.8 

13 

2.8 

2.85 

2.75 

2.8 

2.65 

2.7 

3.2 

2.65 

2.8 

2.7 

2.75 

2.8 

2.86 

2.9 

2.75 

2.9 

2-8 

2.95 

3.0 

2.8 

14        

2.8 

15 

2.85 

16 

2.8 

17 

2.7 

18 

19 

20 

3.2 
3.5 
3.9 

3.7 
3.3 
3.0 
3.2 
3.0 

3.2 
4.4 
4.4 

4.9 
4.6 

2.6 

21 

22 

2.6 

23 

2.7 

24 

2.7 

25 

2.6 

26 

2.6 

27           

2.8 

28 

2.7 

29           

2  9 

30 

3.1 

31 

6.1 

Note.— On  Oct.  13  new  gage  established  and  gage  hdghta  bcclmiiiig  this  date  aie  not  comparable 
with  those  obtained  earlier  in  flie  year. 
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Daily  dUcharge,  in  second-feet,  of  Virgin  River  at  Virgin,  Utah,  for  1909. 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Oct 

Nov. 

Dec 

1 

1,560 
1,340 
1340 
1,340 
1,140 

965 

965 

1,240 

1,050 

965 

965 
810 
810 
885 
740 

740 
675 
675 
675 
675 

610 
610 
610 
560 
560 

550 
495 
495 
495 
440 
440 

440 
440 
440 
440 
495 

495 
440 
440 
390 
390 

390 
340 
340 
340 
340 

340 
340 
340 
295 
295 

218 
218 
218 
185 
185 

185 
155 
101 
101 
78 

24 
24 
10 
24 
24 

40 
40 
58 
78 
78 

101 
101 
101 
101 
101 

101 
101 
101 
101 
101 

155 
218 
550 
295 
265 

235 
205 
175 
146 
117 
188 

68 
78 
101 
78 
58 

40 
58 

222 
205 
173 
158 
205 

189 
240 
240 
222 
205 

240 
278 
278 
418 
368 

393 
278 
240 
222 
278 

240 
205 
222 
173 
173 

205 
189 
173 
189 
158 

173 

2 

205 

a 

205 

4 

278 

A 

240 

6 

173 

7 

144 

8 

173 

9 

205 

10 

144 

11 

206 

12 

173 

13 

173 

.  189 

158 

173 
131 
144 
321 
131 

173 
144 
158 
173 
189 

205 
158 
205 
173 
222 
240 

173 

14 

173 

15 

189 

16 

173 

17 

144 

18 

810 
l,OfiO 
1,440 

1,240 
885 
676 
810 
675 

810 
2,010 
2,010 
2,680 
2,260 

118 

19 

118 

20 

118 

21 

118 

22 

118 

23 

144 

24 

144 

25 

118 

26 

118 

27 

173 

28 

144 

29 

305 

30 

278 

31 

1,930 

NoTK.— These  dlschaives  are  based  on  rating  curves  applicable  as  follows:  Apr.  18  to  Aug.  7,  fairly  well 
defined  below  600  seoond-feet;  Oct.  13  to  Dec.  31,  not  well  defined. 

Monthly  discharge  of  Virgin  River  at  Virgin,  Utah,  for  1909. 


Month. 


Discharge  in  seoond-^eet. 

Run-off 
(total  in 

Maximum. 

Mean. 

acre-feet). 

2,580 

675 

1,330 

34.300 

1,560 

440 

819 

50,400 

440 

78 

314 

18,700 

550 

24 

128 

7,870 

101 

40 

67.3 

934 

321 

131 

182 

6,860 

418 

158 

233 

13,900 

1,930 

118 

226 

13,900 

Accu- 
racy." 


Apr.  18-^ 

May 

June 

July 

Aug.  1-7... 
Oct.  13-31 . 
November. 
December. 


SANTA   CLARA   RIVER   NEAR  CENTRAL,   UTAH. 

This  station,  which  was  established  April  21,  1909,  is  located  about 
1^  miles  southeast  of  Central,  Utah,  the  nearest  post  office,  and 
about  6  miles  west  from  the  settlement  of  Pine  Valley,  Utah.  It  is 
about  one-fourth  mile  from  R.  H.  Hunt's  ranch  house  in  a  small 
valley  known  as  Eightmile  Flat.  The  records  show  the  total  amount 
of  water  available  for  storage  in  the  Pine  Valley  reservoir  site,  a  few 
miles  above  the  station. 
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The  station  is  below  all  important  tributaries  except  Mountain 
Meadows  Creek,  which  enters  about  10  miles  below.  A  small  canal 
whose  maximum  capacity  is  about  3.6  second-feet  takes  out  water 
a  short  distance  above  the  station. 

The  gage  heights  are  not  affected  by  ice.  The  bed  of  the  stream 
is  somewhat  shifting,  but  fairly  acciu*ate  results  have  been  obtained. 
The  datum  of  the  staff  gage  on  the  left  bank  has  remained  un- 
changed since  the  station  was  established.  Discharge  measurements 
are  made  from  a  gaging  bridge. 

Discharge  Tneasurements  of  Santa  Clara  River  near  Central^  Utah,  in  1909, 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Oai?e 
height. 

Dis- 
charge. 

Apr.  21a 
June    lf> 

E .  A .  Porter 

Feet. 

Sq.ft. 

Feet. 
3.80 
3.60 
3.12 
3.60 
3.50 

'"-L 

do 

80 
20 
20 
23 

38 
20 
29 
30 

60 

July  15 
Oct.     6 

do 

16 

do 

39 

16 

do 

30 

a  Made  one-fourth  mile  above  gage.    Results  not  good.  f>  Made  by  wading. 

Daily  gage  height ,  in  feet,  of  Santa  Clara  River  near  Centraly  Utah,  far  1909. 


[Royal  Hunt, 

observer 

1 

Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1.              

4.0 
3.9 
4.0 
4.1 
4.1 

4.2 
4.2 
4.2 
4.2 
4.2 

4.0 
4.0 
3.8 
3.7 
3.7 

3.8 
3.7 
3.7 
3.7 
8.7 

3.8 
3.8 
3.7 
3.6 
3.6 

8.7 
3.7 
3.6 
3.7 
3.7 
3.7 

3.7 
3.8 
3.7 
8.8 
8.8 

3.8 
3.8 
3.7 
3.6 
3.6 

3.5 
3.5 
3.4 
3.4 
3.4 

3.4 
3.4 
3.4 
3.3 
3.3 

3.3 
"   3.2 
3.2 
3.2 
3.2 

8.2 
3.1 
3.1 
8.2 
8.2 

3.25 

8.25 

3.6 

3.4 

3.3 

3.3 

3.3 

3.3 

3.25 

3.25 

3.2 
3.2 
3.2 
3.1 
3.1 

3.1 
3.1 
3.1 
3.1 
8.1 

8.1 
8.0 
8.1 
8.1 
8.1 

8.1 
8.1 
8.1 
3.1 
3.1 
8.1 

3.1 
3.1 
8.1 
3.1 
8.0 

3.0 
3.1 
3.1 
3.1 
3.1 

3.1 

3.0 

3.05 

3.0 

3.0 

3.2 
3.3 
3.3 
3.3 
3.3 

3.3 
3.3 
8.2 
3.2 
8.2 

8.15 

3.2 

8.2 

8.3 

3.3 

8.6 

7.0 
4.4 
4.0 
4.0 
4.0 

4.0 
3.9 
3.8 
3.7 
3.6 

3.6 
3.6 
3.55 
8.55 
3.5 

3.5 
3.5 
3.5 
3.4 
8.4 

3.4 
3.4 
3.4 
3.4 
8.4 

3.3 
8.7 
4.0 
8.8 
3.7 

3.6 
3.6 
3.7 
3.7 
3.6 

3.6 
3.6 
3.6 
3.6 
8.6 

3.56 

3.55 

3.5 

3.5 

3.6 

3.56 

3.5 

8.5 

3.5 

3.45 

3.46 
3.46 
3.46 
3.45 
3.45 

3.46 
3.45 
8.45 
3.45 
3.46 
3.4 

3.4 

3.46 

3.4 

8.35 

3.35 

8.35 

3.35 

3.35 

3.4 

3.4 

3.4 
3.4 
8.4 
8.4 
8.4 

3.4 
3.4 
3.4 
3.4 
3.4 

3.45 
3.45 
3.45 
3.46 
3.45 

3.6 

3.5 

3.55 

8.55 

8.55 

3.6 

2 

3.6 

3 

3.56 

4 

3.5 

5 

3.5 

6 

3.5 

7 

3.5 

8 

3.5 

9 

3.7 

10 

3.7 

11 

3.6 

12 

3.6 

13 

3.5 

14 

3.45 

15 

3.45 

16 

3.45 

17 

3.4 

18 

3.4 

19 

3.4 

20 i 

3.45 

21 

3.8 
3.7 
3.7 
3.6 
3.6 

3.7 
3.9 
4.1 
4.2 

3.8 

3.45 

22 

3.5 

23 

3.5 

24 

3.4 

26 

3.4 

28 

3.4 

27 

3.4 

28 

3.4 

29 

3  4 

30 

3.4 

31 

6.5 
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Daily  dMuxrge^  in  second-feet  j  of  Santa  Clara  River  near  Central^  Utahf  for  1909. 


Day. 

Apr. 

May. 

117 
106 
117 
124 
124 

136 
136 
136 
132 
132 

110 
110 
90 

77 
77 

86 
77 
77 
74 
74 

84 
84 
74 
63 
63 

72 
72 
63 
69 
69 
60 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

69 
77 
69 
76 
75 

75 
75 
66 
56 
56 

50 
50 
44 
41 
41 

41 
41 
41 
34 
34 

34 
29 
29 
26 
26 

26 
22 
22 
24 
24 

27 
27 
46 
32 
27 

27 
27 
27 
23 
23 

21 
21 
21 
15 
15 

15 
15 
15 
15 
15 

15 
12 
15 
15 
15 

15 
15 
15 
15 
15 
15 

15 
15 
15 
15 
12 

12 
15 
15 
15 
15 

15 
12 
14 
12 
12 

19 
23 
23 
23 
23 

23 
23 
19 
19 
19 

17 
19 
19 
23 
23 
37 

475 
100 
64 
64 
64 

64 
56 
49 
43 
37 

37 
37 
34 
34 
32 

32 
32 
32 
27 
27 

27 
27 
27 
27 
27 

23 
43 
64 
49 
43 

37 
37 
43 
43 
37 

37 
37 
37 
37 
37 

34 
34 
32 
32 
32 

34 
32 
32 
32 
30 

30 
30 
30 
30 
30 

30 
30 
30 
30 
30 
27 

27 
30 
27 
25 
25 

25 
25 
25 
27 
27 

27 
27 

27 
27 
27 

27 
27 
27 
27 
27 

30 
30 
30 
30 
90 

32 
32 
34 
34 
34 

37 

2 

37 

3 

34 

4 

32 

5 

32 

6 

32 

7 

32 

8 

32 

9 

43 

10 

43 

u 

37 

12 

:::::::: 

32 

13 

32 

14 

30 

15 

30 

16 

30 

17 

27 

18 

27 

19 

27 

20 

30 

21 

102 
92 
92 
79 
79 

89 
109 
132 
140 

96 

30 

22 

32 

23 

32 

24 

27 

25 

27 

26 

27 

27 

27 

28 

27 

29 

30 

27 
27 

31 

383 

Note.— These  discharges  are  based  on  ratlngcurves  applicable  as  follows:  Apr.  21  to  July  15,  indirect 
method  for  shifting  channels  used;  July  15  to  Dec.  31,  fairly  well  defined  below  50  seoond-feet,  not  well 
defined  above. 


Monthly  discharge  of  Santa  Clara  River  near  Central^  Utah^for  1909, 


Apr.  21-30.. 

May 

June 

July 

August 

September. 

October 

November. . 
December.. 


Month. 


The  period . 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean 


140 

136 
77 
46 
37 

475 
43 
34 

393 


101 
93.4 
45.7 
19.9 
18.1 
66.6 
33.3 
28.3 
43 


Run-off 
(total  hi 
acre-feet). 


2,000 
5,740 
2,730 
1,220 
1,110 
3,370 
2,050 
1,680 
2,640 


22,600 


Accu- 
racy. 


SANTA    CLARA    RIVER    NEAR   ST.    GEORGE,    UTAH. 

This  station,  which  was  established  April  16,  1909,  to  determine 
the  total  unappropriated  discharge  of  Santa  Clara  River,  is  located 
about  3  miles  southwest  of  St.  George,  Utah,  and  about  2  miles  above 
the  mouth  of  the  river. 

The  station  is  below  all  tributaries  and  diversions  except  two 
canals  which  head  near  the  mouth  of  the  river. 
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The  gage  heights  are  not  aifected  by  ice,  but  the  bed  of  the  stream 
shifts  to  a  considerable  extent.  A  fair  record  of  nin-oif  has,  how- 
ever, been  obtained  for  1909.  The  datum  of  the  sloping  gage  on  the 
left  bank  has  remained  unchanged  since  the  station  was  established. 
The  gage  is  underneath  a  footbridge  from  which  the  discharge 
measurements  are  made. 

Discharge  measurements  of  Santa  Clara  River  near  St.  George^  Utahy  in  1909. 


1 

Date.    I                                    Hydrographer. 

Width. 

Area  of 
section. 

Gaee 
height. 

Dis- 
charge. 

May  27 
31 

E.A.Porter 

Feet. 
18.5 
20 
5 
25.5 
18 

14 
1.2 
9.5 
7.6 

Feet. 
2.02 
2.10 
1.35 
2.62 
2.30 

^"t 

do 

45 

July   14 
Oct.     8 

do 

33 

do 

15 

....do 

20 

a  Estimated  eight-tenths  second-foot. 

Daily  gage  height^  in  feet y  of  Santa  Clara  River  near  St.  George j  Utah,  for  1909. 
[E.  A.  Everett,  observer.] 


Day. 

Apr. 

May. 

2.5 
2.4 
2.4 
2.5 
2.6 

2.7 
2.8 
2.8 

June. 

2.1 
2.1 
2.2 
2.2 
2.3 

July. 

Sept. 

10.0 
4.0 
2.0 
1.5 

Oct. 

Nov. 

Dec. 

1 

2.0 
2.0 
2.5 
2.6 
2.6 

2.6 
2.7 
2.6 
2.6 

2.6 
2.5 
2.3 
2.3 
2.3 

2.3 

1.9 
1.9 
1.8 
1.8 

1.8 

*  "'2.'5 
2.7 

2.3 
2.2 
2.2 

2 

3 

2.6 

4             

2.4 

5 

2.4 

6 

4.0 
5.0 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
3.0 

4.0 
2.0 
2.0 
1.7 
1.7 

2.4 

7 

2.3 
2.3 
2.2 
2.1 

1.8 
1.7 

'"■i.35' 

2.4 

8 

2.4 

9 

2.9 

10 .     . 

2.8 

2.7 
2.5 
2.4 
2.4 
2.4 

2.4 
2.4 
2.3 
2.3 
2.3 

2.3 
2.4 

2.7 

11 

12        

13 

2.5 

14 1..       . 

15;::..:....:..:...:....:.::..:.:::::::::::::: 

2.4 

2.4 

16 

3.0 
3.2 

17 

18 

2.2 
2.1 
2.1 

2.2 
2.2 
2.2 

2.3 

19 

20 

2.6 

2.6 
2.5 
2.3 
2.2 

2.4 

21 

2.4 

22 

2.1 
2.0 

2.3 
2.3 

2  4 

23 

2.5 

24 

2.3 
2.2 

2.1 
2.1 
2.1 
2.4 

2.5 

26 

2.0 

2.0 
2.0 
2.0 
2.0 

2.3 

26 

2.4 
2.3 
2.4 
2.4 
2.3 

27 

2.7 

""2.'b 
2.5 

2.5 

28 

2.4 

29 

2.4 

30 

2.4 

31 

2.1 

3.6 



a  See  page  216. 
Note.— Gage  heights  for  September  are  unreliable. 
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Daily  discharge j  in  second-feet,  of  Santa  Clara  River  near  St,  Oeorge,  Utah,  for  1909. 


Day. 


7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 


Apr. 


May. 


79 
69 
69 
79 
90 

102 
115 
115 
115 
115 

102 
79 
69 
69 
69 


June. 


Oct. 


Nov. 


Dec. 


Day. 


16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


Apr. 

«ay. 

June. 

Oct 

Nov. 

145 

60 

17 

18 

179 

69 

14 

15 

150 

50 

12 

12 

120 

50 

7 

12 

90 

50 

7 

12 

90 

50 

7 

14 

79 

09 

7 

17 

50 

64 

3 

17 

50 

50 

3 

17 

60 

50 

3 

17 

60 

42' 

3 

30 

50 

42 

8 

43 

69 

42 

3 

36 

60 

69 

3 

28 

59 

56 

42 

3 

2 

28 

Doc 


20 
18 
17 
20 
22 

22 
22 
28 
28 
28 

28 
28 
22 
22 
22 
153 


Note.— These  discharges  are  based  on  rating  curves  applicable  as  follows:  Apr.  16  to  Aug.  31.  fairly  well 
defined  below  60  second-feet;  Sept.  1  to  Dec.  31,  not  well  defined;  June  13  to  Aug.  31,  discharge  due  to  seep- 
age only  and  has  been  estimated. 

Oage  heights  unreliable  for  September;  no  estimates  made. 

From  June  13  to  Aug.  31  the  now  was  due  to  seepage  only. 

Monthly  discharge  of  Santa  Clara  River  near  St.  George,  Utah,  for  1909. 


Month. 

Discharge  in  second-feet 

Run-off 
(total  in 
acre-feet). 

Acca- 

Maximum. 

Minimum. 

Mean. 

racy. 

Apr.  16-30 

179 
115 

50 
42 

89.8 
72.4 
a  18.5 
a. 5 
«.5 
16.1 
16.5 
30.5 

2,670 

4,450 

1,100 

31 

81 

090 

982 

1,880 

B. 

Mky 

A, 

June 

B. 

July 

C. 

August 

C. 

October 

43 
43 

153 

2 

B. 

November 

B. 

December 

17 

B. 

a  From  June  13  to  Aug.  31  the  flow  was  due  to  seepage  only.    Discharge  for  this  period  estimated  on 
basis  of  measurement  made  July  14. 

MUDDY   RIVER   NEAR   MOAPA,    NEV. 

This  station,  which  is  located  at  the  Narrows,  about  7  miles  from 
Moapa,  Nev.,  the  nearest  railway  point,  was  established  January  1, 
1904,  to  determine  the  amount  of  water  available  for  storage  in  a 
reservoir  site  at  this  point. 

No  gage  heights  are  available  since  1906,  but  occasional  measure- 
ments have  been  made  since  that  time.  Discharge  measurements 
for  1909  were  made  in  a  flume  which  carries  the  entire  flow  of  the 
river  except  during  floods. 

Measurements  made  in  1908  at  the  station  were  published  in 
Water-Supply  Paper  249,  page  197,  under  ^'miscellaneous  measure- 
ments in  Virgin  River  drainage  basin.'' 
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IHacharge  measuxemenU  of  Muddy  River  near  Moapa^  Nev.^  in  1909, 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Gage 
height. 

Dis- 
charge. 

Jan.     4 

B.C.  La  Rue 

Fett. 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

14.8 
11.8 
12.4 
4.0 
10.4 
8.4 
4.7 
6.4 
7.4 
8.8 
2.9 
8.7 
6.6 

lao 

4.2 
12.0 

Feet. 
1.67 
1.85 
1.47 
L55 

.60 
1.30 
1.05 

.59 

.80 

.92 
1.10 

.34 
1.05 

.80 
1.22 

.50 
1.45 

Seen. 

4 

do 

55 

4 

do 

38 

19 

tJ.  V.  Perkins 

40 

Mar.  17 

A.  L.  F.  McDennott 

5.1 

Apr.  27 
May  14 

n.  V.  Pptvifm 

46 

do 

32 

June    1 

do 

9  3 

1 

do 

18 

1 

do 

24 

1 

do 

35 

July    2 

B.C.  La  Rue 

22 

/     2 

do 

30 

2 

do 

15 

2 

do 

37 

2 

do 

6.3 

Nov.  27 

do 

43 

aiLA  BIVBB  BASIN. 


DESCRIPTION. 


Gila  River  rises  in  western  and  southwestern  New  Mexico,  receiving 
its  waters  from  mountains  having  an  elevation  of  7,000  to  8,000  feet. 
At  the  point  where  it  crosses  into  Arizona  it  still  has  an  elevation  of 
6,000  feet.  From  this  place  it  flows  between  mountain  ranges  and 
falls  rapidly,  imtil  at  Florence,  180  miles  away,  it  is  about  1,500  feet 
above  sea  level.  At  a  point  about  15  miles  above  Florence  the  river 
emerges  upon  the  plains,  through  which  it  winds  for  about  75  miles 
before  receiving  the  waters  of  its  principal  tributary,  the  Salt.  From 
the  jimction  of  the  Salt  the  Gila  continues  west  and  southwest  and 
enters  the  Colorado  at  Yuma,  Ariz,  near  the  southwest  comer  of  the 
Territory. 

The  principal  tributaries  are  San  Pedro  and  Santa  Cruz  rivers 
from  the  south,  and  San  Francisco,  Salt,^  Agua  Fria,  and  Hassayampa 
rivers  from  the  north. 

San  Francisco  River  rises  in  the  southwestern  part  of  Socorro 
County,  N.  Mex.,  and  flows  southwestward  into  Graham  Coimty, 
Ariz.,  where  it  imites  with  the  Gila.  The  basin  comprises  about 
2,600  square  miles,  of  which  1,800  square  miles  are  in  New  Mexico 
and  800  in  Arizona. 

San  Pedro  River  rises  in  the  northern  part  of  the  Mexican  State 
of  Sonora,  flows  northward  for  more  than  100  miles,  and  empties  into 
the  Gila  a  few  miles  below  the  town  of  Dudleyville,  45  miles  above 
Florence,  Ariz.  Rising  in  a  coimtry  of  very  light  snowfall,  the  river 
depends  for  the  greater  part  of  its  water  supply  on  the  frequent 
showers  of  the  rainy  seasons.  It  flows  over  a  sandy  bed  between 
high,  steep  banks,  and  during  the  dry  season  it  shrinks  to  an  insignifi- 


i  For  description  of  Salt  River,  see  p.  227. 
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cant  stream  of  clear  water,  which  rises  and  sinks  in  the  sand  with 
the  varying  depth  of  bed  rock. 

The  floods  of  the  upper  Gila  and  its  tributaries  are  conunonly 
short  and  violent,  occurring  during  the  months  of  January  and 
February.  A  period  of  high  water  occurs  also  usually  during  the 
late  summer  or  early  fall.  The  season  of  low  water  occurs  in  June 
and  July. 

The  drainage  basin  of  the  Gila  includes  7,000  square  miles  of 
merchantable  timberland,  11,000  square  miles  of  woodland,  of  which 
the  San  Francisco  basin  has  1,000  square  miles  of  timberland,  45,000 
square  miles  of  land  upon  which  there  is  no  timber,  1,300  square  miles 
of  scattered  timber,  and  300  square  miles  of  open  land. 

The  average  annual  precipitation  over  the  greater  part  of  the 
contributary  drainage  area  of  Gila  and  San  Francisco  rivers  in 
New  Mexico  is  between  10  and  15  inches  and  in  the  high  mountains 
of  the  headwater  region  it  rises  above  20  inches. 

The  winters  are  mild  except  in  the  mountainous  sections,  and 
very  little  ice  forms  on  the  rivers. 

Irrigation  in  New  Mexico  has  been  confined  chiefly  to  the  bottom 
lands  along  the  main  streams  and  their  tributaries,  but  the  total 
area  irrigated  comprises  only  a  very  few  thousand  acres.  Excellent 
opportunities  for  irrigation  exist  along  both  the  Gila  and  the  San 
Francisco.  The  United  States  Reclamation  Service  has  made  sur- 
veys for  an  irrigation  project  in  the  vicinity  of  Alma,  N.  Mex. 
Another  promising  district  is  that  popularly  known  as  the  Lordsburg 
flat,  which  extends  from  Lordsburg,  N.  Mex.,  northward  to  Gila 
River,  a  distance  of  over  20  miles,  and  comprises  over  a  quarter  of  a 
million  acres  of  almost  unbroken  and  very  fertile  land,  at  an  elevation 
a  little  above  4,000  feet.  This  land  could  be  irrigated  by  the  stored 
water  of  Gila  River,  although  the  expense  of  reaching  it  would  be 
considerable. 

Good  storage  sites  exist  at  various  places  along  San  Francisco 
and  Gila  rivers,  among  which  may  be  mentioned  the  reservoir  site 
on  the  San  Francisco  near  Alma,  and  that  on  the  Gila  near  Redrock, 
N.  Mex. 

Because  of  the  torrential  character  of  the  Gila,  water-power 
development  is  not  feasible  except  where  stored  water  is  used.  The 
San  Francisco,  being  more  of  a  mountain  stream,  presents  better 
opportunities  for  the  use  of  water  power  along  its  upper  reaches. 
Most  of  the  future  water-power  development  along  these  streams 
will  probably  be  in  connection  with  irrigation  projects.  At  present 
it  is  limited  to  one  or  two  small  plants  on  the  San  Francisco. 
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GILA   RIVER   NEAR   REDROCK,    N.    MEX. 

This  station  was  originally  established  May  14,  1908,  at  the  mouth 
of  the  Middle  Box  Canyon  of  the  Gila  (PI.  V,  B),  about  2  miles  east  of 
Redrock  post  office,  N.  Mex.  On  July  16,  1909,  it  was  moved  about 
one-eighth  mile  upstream  in  the  canyon.  The  two  nearest  railroad 
points  are  Silver  City,  about  36  miles  east  of  Redrock,  and  Lords- 
burg,  about  30  miles  south. 

The  records  show  the  amount  of  water  available  for  irrigation  and 
power  enterprises. 

Mancos  River,  an  intermittent  stream,  the  first  large  tributary 
upstream  from  the  station,  joins  the  Gila  about  12  miles  above.  A 
number  of  large  washes  come  into  the  river  above  and  below  the  sta- 
tion, and  during  flood  stages  the  run-off  from  these  tributaries  is  very 
great.  The  drainage  area  at  the  station  is  about  3,500  square  miles 
A  number  of  large  irrigation  ditches  divert  water  above  the  station. 
Practically  no  power  is  developed  in  the  headwaters  of  this  basin, 
although  opportunity  for  such  development  is  good. 

Except  for  fringe  ice  along  the  edges  of  the  stream,  ice  does  not 
interfere  with  the  accuracy  of  the  results. 

The  gage  originally  installed  May  14,  1908,  is  bolted  to  a  rock 
bluff  on  the  left  bank  just  a  few  feet  above  the  mouth  of  the  canyon. 
This  gage  was  abandoned  July  16,  1909,  when  a  Friez  automatic 
gage  was  installed  on  the  left  bank  about  one-eighth  mile  upstream 
and  at  a  different  datum.  An  auxiUary  staff  gage,  which  is  neces- 
sary as  a  guide  in  setting  the  automatic  gage,  was  not  installed 
imtil  August  18. 

The  accuracy  of  the  base  data  obtained  at  this  station  is  impaired 
by  the  adverse  natural  conditions.  The  station  is  isolated  and  the 
stream  bed  very  shifting  in  character.  Measurements  by  wading 
are  more  or  less  affected  by  quicksand. 

Discharge  measurements  ofCrila  River  near  Redrock^  N.  Mex.y  in  1909, 


Date. 

Hydrographer. 

Width. 

Feb.    1 

J.B.Stewart 

Feet. 
82.5 

Mar.     1 

do 

107 

June  14 

do 

67 

July  11 
13 

do 

63 

do 

3!2.5 

16 

..do 

61.5 

Aug.  18 
Sept.    3 
Oct.    14 

do 

154 

..do 

41 

W.  B.  Freeman 

47.6 

Area  of 
section. 

Oagefa 

Auto- 
matic 
gage. 

Sq.ft. 
107 
146 
42 
44 
24 
41 
142 
61 
62 

Feet. 

1.75 
2.80 
2.20 
1.43 

Staff 
gage. 


Feet. 

1.39 

1.40 

1.00 

.82 

.67 

.96 

1.65 

.91 


Dis- 
charge. 


Sec.  ft. 
244 
318 
97 
67 
42 
86 
398 
132 
92 


Note.— AU  measurements  made  by  wading  at  various  sections. 
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DaUy  gage  height,  infut,  ofOila  River  near  Redrock,  N.-  Met,,  for  1909, 
[J.  O.  RutisDd  and  A.  B.  Conner,  observers.) 


i>»y. 

Jan. 

Feb. 

Mar. 

Apr. 

1.6 
1.6 
L5 
1.6 
1.4 

1.2 
1.2 
1.3 
1.4 
1.4 

1.5 
1.8 
2.0 
1.6 
1.5 

1.5 
1.4 
1.4 
1.3 
1.3 

1.6 
1.6 
1.5 
1.4 
1.4 

1.3 
1.3 
1.3 
1.3 
1.4 

May. 

June. 

July. 

Aug. 

Sept 

Oct, 

Nov. 

Dec 

1             

0.76 
.76 
.7 
.7 
.7 

.7 

.65 

.66 

.65 

.6 

1.1 
.9 
.75 
.7 
.7 

.65 

.8 

.8 

.7 

.7 

.95 

.85 

.8 

.8 

.76 

.7 

.7 
.7 
.9 

.8 
.7 

1.4 
1.2 
1.0 
.8 
1.1 

1.0 
.95 
1.3 
1.0 
1.6 

1.4 
1.3 
1.2 
1.0 
1.0 

1.4 
1.3 
1.2 
1.6 
1.4 

1.4 
1.2 
1.1 
1.0 
1.2 

1.3 
1.2 
1.2 

1.3 
1.6. 
1.6 
1.6 
1.55 

1.7 
1.6 
1.6 
1.6 
1.8 

1.9 
1.9 
2.4 
2.6 
1.9 

1.9 
2.2 
2.0 
1.9 
2.4 

2.2 
1.9 
2.1 
2.0 
1.9 

2.3 
2.3 
2.3 
2.0 
2.4 
2.6 

1.35 

1.3 

1.3 

1.2 

1.2 

1.3 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.3 

1.8 
1.3 
L3 
1.2 
1.2 

1.3 
1.3 
1.3 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 
1.2 

1.1 
1.1 
1.1 
1.0 
1.0 

1.0 
.8 
.8 
.6 
.6 

.6 

.7 

.8 

.95 

.4 

.4 
.4 
.3 
.3 
.3 

.3 
.3 
.3 
.3 
.3 

.3 
.3 
.4 
.4 

2.36 

2.25 

2.25 

2.3 

2.8 

4.9 

3.2 

2.8 

2.75 

2.7 

3.3 
3.4 
8.1 
3.0 
2.9 

2.8 
2.7 
2.6 

"i.i" 

1.65 

1.5 

1.5 

1.5 

1.45 

1.45 

1.4 

1.5 

1.5 

1.5 

1.45 

1.45 

1.45 

1.4 

1.4 

1.4 
1.4 
1.4 
1.4 
1.4 

1.4 
1.4 
1.4 
1.4 
1.45 

1.46 

1.4 

1.5 

1.5 

1.6 

1.65 

1.65 

1.55 

1.65 

1.4 

1.4 

1.4 
1.4 
1.4 
1.4 
1.4 

1.4 

1.4 

1.4 

1.45 

1.45 

1.45 
1.45 
1.6 
1.6 
1.5 

1.5 
1.6 
1.5 
1.6 
1.45 

1.46 

1.5 

1.5 

1.5 

1.5 

1.5 

1.55 

1.65 

1.5 

1.6 

1.5 

2 

1.6 

3          

1.7 

4 

1.65 

5        

1.65 

• 
6  ..             

1.65 

7 

1.65 

8        

1.66 

0 

1.66 

10    

1,7 

11 

0.8 

1.5 

12 

1.5 

13 

.65 

"".66' 

.95 

"z.h" 

3.6 

2.9 

3.0 

2.85 

2.75 

2.65 

2.5 

2.5 

2.35 

2.4 

2.3 

2.25 

2.16 

2.8 

2.3 

2.2 

2.3 

1.65 

14 

1.56 

16 

1.55 

16 

1.55 

17 

1.6 

18 

1.7 

ID 

1.7 

20 

1.7 

21 

1.7 

22 

1.8 

23 

1.8 

24 

1.85 

25 

2.0 

26 

27 

28 

29 

30 

31 

Daily  discharge,  in  second-feet,  of  Gila  River  near  Redrock,  N.  Mex.,for  1908-9. 


Day. 

Nov. 

Dec. 

11.. 

Day. 
1908. 

Nov. 

Dec. 

Day. 

Nov. 

Dec 

1.. 

1906. 

80 
70 
58 
58 
50 

97 
90 
80 
62 
54 

51 
76 
67 
67 
49 

49 
83 
64 
52 
52 

21.. 

1906. 

53 
53 
106 
80 
74 

66 
395 
330 
132 

80 

52 

2 

12 

22 

53 

3 

13 

23 

43 

4 

14 

24 

43 

6 

15 

25 

83 

6 

16 

105 
96 
75 
75 
66 

26 

65 

7 

17 

27 

47 

8 

18 

28 

4S 

9 

19 

29 

40 

10       '-       

20 

30 

43 

31 

42 
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Daily  discharge^  in  second-feet ^  ofOila  River  near  Redrodt,  N.  Mex.ffor  1908-9. 


Day. 


1900. 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan. 

Feb. 

Mar. 

Apr. 

M.y. 

June. 

47 

248 

174 

415 

288 

142 

S 

160 

390 

415 

253 

142 

98 

390 

360 

253 

142 

42 

50 

395 

360 

205 

100 

42 

126 

365 

299 

206 

100 

42 

08 

462 

195 

253 

100 

37 

86 

395 

195 

206 

60 

37 

203 

395 

243 

205 

60 

37 

98 

395 

299 

205 

36 

33 

370 

536 

299 

205 

36 

116 

250 

610 

360 

206 

36 

70 

210 

610 

565 

205 

46 

47 

166 

1,030 

730 

193 

58 

42 

102 

1,210 

435 

193 

85 

42 

102 

620 

370 

240 

24 

38 

258 

620 

370 

240 

24 

56 

210 

860 

308 

240 

24 

56 

166 

608 

306 

240 

16 

44 

380 

620 

250 

193 

16 

a 

258 

1,040 

250 

193 

16 

84 

258 

860 

435 

240 

16 

65 

174 

620 

435 

240 

16 

56 

137 

775 

376 

240 

16 

56 

107 

707 

313 

178 

16 

49 

174 

629 

313 

178 

16 

44 

217 

962 

255 

178 

16 

4i 

174 

962 

255 

178 

16 

44 

174 

962 

255 

178 

24 

74 

708 

255 

178 

24 

56 

1,050 

313 

178 

24 

44 

1.230 

178 

Joly. 


26 
80 
30 
35 
35 

40 
45 
50 
65 
60 

65 
52 
'40 
40 
40 

85 
58 
105 
233 
220 

220 
220 
220 
220 
233 


220 
185 
185 
185 
185 


Aug. 


185 
185 
185 
185 
220 

210 
210 
260 
320 
370 

420 
470 
530 
500 
710 

435 
473 
416 
376 
333 

280 
273 
226 
232 
202 

284 
158 
315 
180 
152 
167 


Sept. 


173 
147 
143 
158 


1.120 
410 

•  278 
282 
268 

470 
505 
395 
378 
345 

312 
284 
255 
230 


180 
155 
125 
100 
82 

75 
72 
72 
78 
72 


Oct. 


00 
00 

90 
90 
00 
90 
95 

95 
90 
103 
103 
103 

109 
109 
109 
109 
90 
90 


90 
90 
00 
00 
00 

00 
00 
00 
05 
05 

05 
05 
103 
103 
103 

103 
103 
103 
103 
05 

05 
103 
103 
103 
103 

103 
109 
109 
103 
103 


Deo. 


lOB 
116 
181 
123 
123 

123 
123 
123 
123 

181 

103 
103 
109 
100 
100 

100 
116 
181 
181 
181 

181 
149 
149 
159 
193 

190 
190 
190 
190 
190 
190 


NoTB.— These  discharges  for  1908-9  were  obtained  bv  the  Indirect  method  for  shifting  channels. 
Discharges  estimated  Tor  days  for  which  no  gage  heights  are  given. 

Monthly  discharge  of  Gila  River  near  Redrock,  N.  Mex.,for  1908-9, 


Month. 


Nov.  16-30. 
December. 


1908. 


Discharge  in  second-feet. 


I 


Maximum.  Minimum.     Mean. 


395 
97 


January... 
February. 
March.... 
April 


1909. 


May 

June 

July 

August 

September. 
October.... 
November. 
December.. 


116 
380 

1,230 
730 
288 
142 
233 
710 

1,120 
109 
109 
193 


The  year. 


I 


1,230 


50 
174 
195 
178 
16 
25 
152 
72 
68 
90 
103 


119 
50.9 


50.9 
181 
686 
341 
212 

48.2 
118 
308 
255 

91.3 

98.3 
148 


Runoff 
(total  in 
acre-feet). 


3,540 
3,680 


3,130 
10,100 
42,200 
20,300 
13,000 
2,870 
7,260 
18,900 
15,200 
5,610 
5,850 
9,100 


16  I 


211 


154,000 


Accu- 
racy. 


NoTB.— Prior  to  Nov.  16, 1908,  the  data  are  too  meager  or  unreliable  on  which  to  base  estimates. 


Digitized  by 


Google 


222 


SURFACE   WATER  SUPPLY,  1909,  PART  IX. 


SAN   FRANCISCO   RIVER   AT   ALMA,    N.   MEX. 

This  station,  which  was  established  October  18,  1904,  by  the 
United  States  Reclamation  Service,  is  located  about  half  a  mile 
southeast  of  Alma,  N.  Mex.,  and  85  miles  northwest  of  Silver  City, 
the  most  accessible  railway  point.  It  was  discontinued  by  the 
Reclamation  Service  December  31,  1907,  and  was  reestablished  by 
the  United  States  Geological  Survey  on  January  1,  1909. 

The  station  is  a  short  distance  below  the  mouth  of  Mineral  Creek 
and  about  5  miles  above  the  mouth  of  Whitewater  Creek.  The  waters 
of  the  San  Francisco  and  its  tributaries  are  used  to  some  extent  for 
mining  and  a  few  small  ditches  take  out  water  above  the  station  for 
irrigation  of  the  bottom  lands.  The  flow  of  this  stream  is  very  little 
affected  by  ice,  though  thin  ice  sometimes  forms  on  the  edges. 

The  rod  gage  established  January  1,  1909,  is  at  a  different  loca- 
tion and  datum  from  those  of  the  previous  gage.  It  was  washed 
out  on  September  6,  1909,  and  replaced  October  10,  1909,  by  another 
sloping-rod  gage  100  feet  upstream  at  the  same  datum.  Gage 
heights  during  the  interval  that  the  gages  were  out  were  read  from 
a  temporary  gage  installed  by  the  observer  and  later  reduced  to  the 
new  gage  datum.  High-water  measurements  have  been  made  from 
a  cable  300  feet  upstream  from  the  location  of  the  last  gage. 

Very  good  measurements  can  be  obtained  at  this  station,  but  they 
should  be  made  frequently  in  order  to  obtain  the  best  results,  as  the 
stream  bed  is  shifting  in  character. 

Discharge  measurements  of  San  Francisco  River  at  Alma,  N.  Mex,,  in  1909. 


Date. 

Hydrographer. 

Width. 

Area  Of 
section. 

Gage 
helgit. 

Dte- 
chai^ 

Jan.     2 

J.  B.  Stewart 

Feel. 
38 
39 
61 
25 
19 
25.6 
32.5 
29.5 

Sq.fL 
19.6 
19.0 
60.0 
7.0 
5.8 
8.0 
13.2 
12.5 

FetL 
a74 
1.00 
1.65 
.45 
.45 
.58 
.66 
.76 

^-# 

Feb.    7 

do 

52.0 

Apr.  21 
June    6 

do 

214.0 

do 

8.7 

6 

do 

8.5 

July    4 

do 

15.9 

Aug.    7 
Oct.   10 

do 

28.0 

W.  B.  Freeman ' 

15.8 
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Daily  gage  height^  in  feet,  of  San  Francisco  River  at  Alma,  N:  Mex.,for  1909. 
{Cora  Jackson  and  Minnie  Bowers,  observers.] 


Day. 

Jan. 

Feb. 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.5 
1.0 
1.0 

1.0 
1.0 
1.8 
1.5 
1.5 

1.3 
1.3 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

1.1 
1.1 
1.2 

Mar. 

1.2 
1.0 
1.5 
2.0 
2.2 

1.9 
2.0 
1.8 
1.5 
1.5 

1.6 
1.4 
1.2 
1.2 
1.5 

1.5 
2.3 
3.0 
2.5 
2.1 

2.2 
2.0 
2.0 
2.0 
1.6 

1.8 
2.0 
2.0 
2.0 
2.0 
2.0 

Apr. 

May. 

June. 

July. 

Aug. 

Sept! 

Oct.   Nov. 

Dec. 

1 

0.7 

Its 

.75 
.75 

.8 
.8 
.8 

.8 
.8 
.8 
.8 
.8 

.8 
.8 
.8 
.8 
.8 

.8 
2.0 
2.75 
2.0 
1.5 
1.0 

2.0 
2.0 
2.0 
2.5 
2.5 

2.0 
2.0 
2.0 
2.0 
1.7 

1.7 
1.7 
1.7 
1.7 
1.7 

1.7 
2.0 
1.7 
1.7 
2.0 

1.6 
1.4 
1.4 
1.3 
1.15 

1.1 
1.1 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 

.85 
.85 
.85 

.7' 
.7 
.7 
.7 
.7 

.7 

.7 
.7 
.7 
.7 

.7 
.6 
.6 
.6 
.5 

.5 
.6 
.5 
.5 
.5 
.5 

0.6 
.5 
.6 
.6 
.6 

.46 
.46 

.35 

.35 

.3 

.3 

.3 

.3 
.3 
.3 
.3 
.3 

0.8 
.3 
.3 
.6 
.45 

.7 
.5 
.5 
.6 
.5 

.2 
.2 
.3 
.2 
.2 

.6 
.4 

1.2 
.6 

3.0 

.6 
.6 
.6 
.8 
.8 

1.0 
.6 
.6 
.5 
.6 

1.0 

a6 

.6 
1.0 

.6 
1.35 

.7 
1.0 
1.0 
1.2 
2.2 

1.0 
1.4 
1.3 
1.8 
1.2 

1.2 
1.0 
1.3 
.9 

.8 

.8 
1.1 

.8 
l.l 

0.6 

.6 

.9 

1.0 

2.9 

1.0 
1.0 
1.0 
1.0 
.9 

.9 
.9 

.8 
.8 
.8 

.8 
.8 
.8 

1.0   0 
.9 

.8 
.8 
.8 

.8 
.8 
.8 
.8 
.75 

.7 

.65 

.6 

.6 

.6 

.55 

.7 

.65 

.6 

.6 

.6 
.5 
.5 
.5 
.6 

.7 
.5 
.4 
.5 
.5 
.6  ... 

6 
6 
6 

5 
6 

6 

6 

66 

66 

65 

6 
6 
6 

76 
75 
76 

76 
76 

8 
96 

0.96 

2 

.86 

jj 

.86 

4 

.86 

6 

.96 

6 

.96 

7 

1.0 

8 

1.0 

9 

1.0 

10 

1.0 

u  

.96 

12 

.96 

13 

.96 

14 

.96 

15   

.96 

16 

.96 

17 

.95 

18 

.95 

19 

.95 

20 

.96 

21 

.95 

22 

.95 

23 

.95 

24 

.95 

25 

26 

.95 
.95 

27 

.95 

28 

.96 

29 

.95 

30 

.95 

31 

.96 

Note.— Oage  heights  for  1909  are  not  referred  to  the  same  datum  as  that  used  by  the  United  States 
Reclamation  Service  in  1907. 

Daily  discharge ,  in  second-feet,  of  San  Francisco  River  at  Alma,  N.  Mex.,for  1909, 


Day. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec 

33 

52 

88 

485 

52 

4 

24 

16 

39 

6 

30 

33 

62 

52 

485 

52 

4 

24 

16 

29 

9 

22 

33 

52 

192 

485 

52 

4 

72 

40 

20 

6 

22 

33 

52 

490 

8i0 

52 

11 

17 

52 

20 

6 

22 

33 

52 

620 

840 

52 

9 

182 

1,140 

20 

9 

30 

31 

52 

420 

485 

52 

23 

32 

62 

18 

9 

30 

31 

52 

485 

485 

52 

11 

72 

62 

18 

9 

34 

31 

192 

355 

485 

35 

11 

70 

52 

18 

7 

34 

31 

62 

192 

485 

35 

12 

118 

48 

18 

7 

34 

36 

62 

192 

295 

35 

12 

690 

36 

16 

7 

34 

34 

52 

192 

295 

23 

3 

70 

36 

13 

9 

30 

34 

62 

148 

295 

23 

3 

194 

36 

11 

9 

30 

39 

355 

88 

295 

23 

6 

143 

28 

9 

9 

30 

39 

192 

88 

295 

23 

3 

410 

28 

9 

13 

30 

39 

192 

192 

295 

23 

3 

116 

28 

9 

13 

30 

3r 

114 

192 

295 

23 

19 

105 

28 

7 

13 

30 

37 

114 

690 

485 

23 

10 

62 

26 

13 

13 

30 

37 

52 

1,200 

295 

23 

249 

137 

26 

11 

16 

30 

37 

52 

840 

295 

23 

20 

48 

30 

9 

16 

30 

37 

52 

550 

485 

23 

1,200 

37 

90 

9 

16 

30 

35 

52 

620 

240 

23 

6.5 

22 

37 

30 

9 

13 

30 

35 

52 

485 

148 

16 

5.5 

22 

80 

30 

6 

13 

30 

35 

52 

485 

148 

16 

22 

37 

30 

6 

13 

30 

35 

52 

485 

114 

16 

38 

73 

30 

6 

13 

30 

35 

52 

240 

78 

11 

40 

25 

30 

9 

16 

30 

33 

68 

355 

68 

68 

18 

30 

13 

16 

30 

510 

68 

485 

68 

23 

12 

30 

6 

13 

30 

1,050 

88 

485 

52 

23 

12 

30 

3 

13 

30 

510 

485 

52 

17 

12 

30 

6 

18 

30 

208 

485 

52 

24 

18 

30 

6 

30 

30 

56 



485 

70 

18 

6 

90 

1 

2, 
3 
4. 
6 

6. 
7, 
8. 
9 
10. 

11. 
12 
13 
14 
15 

16 
17 
18 
19 
20. 

21 
22 
23 
24 
25 

26. 
27. 
28. 
29. 
30 
31 


Note.— These  discharges  have  b«eQ  obtained  by  the  indirect  metl^od  for  shifting  channels. 
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Monthly  discharge  of  San  FraneUeo  River  at  Alma,  N.  Mac,,  for  1909, 


Month. 


Dlacharge  in  seoond-feet. 

Rtm-otI 
(total  in 
acre-feet). 

lff^T^TT'"y"^ 

Hmo. 

1,060 

31 

104 

6,400 

SS5 

S2 

84.7 

4,700 

1,200 

52 

390 

M,500 

840 

52 

324 

19,300 

53 

11 

27.3 

1,680 

U 

4 

6.90 

411 

1,200 

3 

64.1 

3,940 

600 

12 

95.6 

5,880 

1,140 

16 

70.0 

4,170 

39 

3 

12.6 

775 

30 

6 

12.0 

714 

34 

22 

29.7 

1,830 

i,aoo 

3 

102 

74,300 

Aooo 
racy. 


C. 
B. 
C. 
B. 
B. 
C. 
C. 
C. 
D. 
D. 
D. 
D. 


January 

Febniairy 

March 

April....: 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


SANTA   CRUZ   RIVEE   NEAR   NOOALES,    ARIZ. 

This  station,  which  was  established  March  22,  1907,  was  located 
about  5  miles  from  Nogales,  near  Yerba  Buena  ranch.  Conditions 
of  flow  are  subject  to  change.  It  was  discontinued  November  30, 
1907,  and  reestablished  April  1,  1909.  No  discharge  measurements 
were  made  in  1909. 

This  station  is  maintained  and  the  data  have  been  furnished  for 
publication  by  the  United  States  Reclamation  Service. 

Daily  gage  height,  in  feet,  of  Santa  Cnu  River  near  Nogales,  Ariz.,  for  1909, 
[Mr.  Harrison,  observer.] 


1.. 
2.. 
3.. 
4.. 
5.. 

6.. 
7.. 
8.. 
».. 
10.. 

11.. 
12.. 
13.. 
14.. 
15-. 

16.. 
17.. 
18., 
19.. 
20.. 

21.. 
22.. 
23.. 
24.. 
25.. 

26.. 
27., 
28.. 
29.. 
30.. 
31.. 


Day. 


Apr.       May.      June.      July, 


2.8 
2.8 
2.8 
2.85 
2.85 

2.8 
2.7 
2.8 
2.8 
2.7 

2.7 
2.8 
2.8 
2.8 
2.8 

2.8 
2.8 


2.8 
2.8 

2.8 
2.75 
2.8 


2.8 

3.4 
3.4 
3.4 
3.4 
3.4 


3.4 
2.8 
2.8 
3.3 


3.3 
3.3 
3.3 
3.3 

3.3 
3.3 
2.9 
3.2 
3.2 

3.2 
3.2 
3.2 
3.2 
3.2 


3.6 
3.6 
3.6 
3.6 

3.6 
3.5 
3.5 
3.5 
3.0 
3.0 


2.9 
2.9 
2.8 
2.8 
2.8 

2.8 
2.8 
2.8 
2.8 
2.8 

2.75 
2.76 
2.75 
2.75 
2.75 

2.7 
2.7 
2.7 
2.7 
2.7 

2.7 
2.7 
2.7 
2.7 
2.7 

2.7    I 
2.65  i 
2.65  I 
2.65 
2.65 


2.65 
2.65 
3.92 
3.25 
3.22 

3.35 

2.8 

2.7 

2.7 

2.7 

2.7 
2.7 
2.7 
2.7 
2.7 

3.3 

4.02 

5.3 

3.25 

3.25 

3.72 
4.58 
3.75 
3.62 
3.2 

3.08 

3.0 

2.9 

2.9 

2.85 

2.82 


Aug.      Sept       Oct.       Nov. 


3.8 

3.75 

3.75 

3.7 

3.65 

3.68 

3.6 

3.9 

3.8 

3.7 

3.6 
3.6 
3.95 
3.6 
3.9 

5.2 

5.75 

4.9 

3.9 

3.8 

3.8 
3.8 
4.4 
3.7 
3.6 

3.6 
3.6 
3.6 
3.6 
8.4 
3.4 


3.4 
3.4 
3.4 
3.4 
3.4 

3.4 
3.4 
3.4 
3.35 
3.3 

3.3 


3.3 
3.3 


3.3 
3.3 
3.3 
3.3 

3.3 
3.3 
3.3 
3.3 
3.3 

3.35 

3.3 

3.3 

3.3 

3.8 


3.3 
3.3 
3.3 
3.3 


3.3 
3.3 


3.3 
3.3 

3.3 
3.3 
3.3 
3.3 
3.3 

3.3 
3.3 
3.3 
3.3 
3.3 

3.3 
3.3 
3.3 
3.3 
8.3 

3.3 

3.3 

3.3 

3.3 

3.25 

8.2 


3.2 
3.2 


3.3 
3.3 

3.3 
3.3 
3.25 
3.2 


3.2 

3.4 

3.35 

3.35 

3.3 

3.3 
3.3 
3.3 
3.3 
3.3 

3.3 
3.8 
3.3 
3.3 
3.3 

3.3 

3.35 

3.6 

3.5 

3.4 


Dec 


3.4 
3.4 
3.4 
3.4 
3.4 

3.4 
3.4 
3.4 
3.4 
3.4 

3.4 

3.4 

3.4 

3.35 

3.35 

3.35 

3.3 

3.3 

3.3S 

3.S 

3.3 

3.3 

3.35 

3.35 

3.35 

3.35 

3.35 

3.4 

3.4 

3.4 

3.4 
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SANTA   CRUZ   RIVER   AND  DITCHES   AT  TUCSON,    ARIZ. 

This  station  was  established  October  15, 1905,  at  Congress  Street 
Bridge,  Tucson,  Ariz.  The  gage  height  records  were  discontinued 
November  12,  1907,  but  discharge  measurements  have  been  made 
since  then  by  engineers  of  the  United  States  Reclamation  Service, 
who  maintain  the  station. 

Manning  and  Farmers  ditches  divert  practically  the  entire  flow 
during  the  low  period  of  Santa  Cruz  River.  These  ditches  are  taken 
out  just  above  the  gaging  station,  and  their  flow  is  determined  by 
current-meter  or  weir  measurements,  supplemented  by  daily  records, 
kept  by  the  ditch  managers,  of  the  amount  of  water  contained  in 
each.  On  April  16  and  17,  1908,  a  permanent  Cippoletti  weir  was 
estabUshed  on  Manning  ditch  3  miles  below  the  head  gate.  This  water 
is  used  to  irrigate  lands  on  the  north  and  south  sides  of  Santa  Cruz 
River  in  and  about  the  vicinity  of  Tucson. 

Conditions  of  flow  are  changeable. 

The  results  published  herewith  were  furnished  by  the  United  States 
Reclamation  Service. 


Discharge  measurements  of  Santa  Cruz  River  at  Tucson^  Ariz.^  in  1908-9. 
[By  engineers  of  the  United  States  Reclamation  Service.)  , 


Date. 

Width. 

Area  of 
section. 

Iwi^t. 

Dis- 
charge. 

Date. 

Width. 

Area  of 
section. 

height. 

Dis- 
charge. 

1908. 

Feb.  6 

July  28.... 

Aug.  18.... 

Sept.  9.... 

9 

Feet, 
53 
38 
42 
89 
58 

9.0 
6.6 
7.6 
30 

Sq.ft. 
53 
21 
42 
172 
93 

1.5 
1.4 
6.2 
27 

Feet. 

0.92 

.16 

.38 

2.00 

1.07 

Sec.-ft. 
213 
61 
163 
1,080 
616 

2.4 
2.3 
14 
83 

1909. 
July  19... 

19... 

19... 

20... 

23... 

24... 

26... 
Aug.    6... 

16... 

16... 

17... 

Feet. 
46 
94 
91 
36 
55 
93 
84 
72 
78 
86 
82 

274 

170 
20 
79 

292 
79 
36 
89 

147 
68 

Feet. 

a22 

3.20- 

2.06 

.60 

.82 

3.40 

.89 

.23 

.90 

2.02 

1.10 

Sec.'ft. 
85 

32 
372 

1909. 
liar.  16... 

432 
91 

24 

445 

Apr.  5 

July  17.... 

.03 
.14 

•    974 
287 

96620°— wsp  269—11- 


-15 
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SURFACE   WATER  SUPPLY,  1900,  PART  IX. 


Discharge  meaiuremenU  of  Manning  ditch  near  Tu(^ant  Ariz.,  in  1908-9, 
[By  engineers  of  the  United  States  Reclamation  Service.] 


Date. 

Dis- 
charge. 

See.'ft. 
11.2 
9.9 
7.3 
8.6 

ie.2 

8.7 
5.3 
6.3 
4.4 
4.3 
8.2 
11.7 
10.4 
8.8 
8.6 
8.2 
11.2 
7.6 
6.5 

1                             Date. 

1 

Di»- 
char^. 

1908. 
Mar  2 

'                                  1900. 
Jan. 16 

See.-ft. 
6.2 

Anr.  11 

;          22 

8.3 

*^  18:...... : 

1  Feb.  19 

9  6 

21 

i  Mar.  30 

7.6 

21     

Apr.    8 : 

9.1 

May  9   

May  29 

6.1 

30 

June  7 

5.0 

June   1 

1           11 

5.5 

21 

17:...:..:::.: :::::::::::::::: 

5.0 

Julv  14 

28 

3.9 

25:..:::::::::::::::::::::::::.::::. 

July   7 

&9 

30                                          

8 ... : :::..::..: 

4  8 

31 

14 

3.1 

Aug.  8 

14 

4.8 

11 

16 

3.4 

25 

Aug.  2 

7.1 

Sept.  7 .                      .              

^  27.... .. .      ::::::: 

6.6 

Nov.   3 

Sept.  3 

9.5 

11 

Note.— 1908.  Measurements  Mar.  2,  Apr.  11, 21  (second),  1908,  and  July  14  (second),  1909,  were  made  by 
current  meter  at  head  gate.    All  others  were  made  by  weirs  3  miles  below  head  mte. 

From  Feb.  2  to  22, 1908.  ditch  was  dry.  Diversion  dam  washed  out  4  p.  m.  Mar.  22  to  noon  Mar.  23. 
Apr.  14  to  18,  ditch  dry  for  cleaning.  Apr.  16-17,  permanent  Cippoietti  weir  established  3  mltoa  below 
head  gate. 

Measurement  July  25. 30,  and  31  contain  Farmers  ditch  water. 

1909.  Measurement  Mar.  30, 1900.  made  before  cleaning  ditch;  that  of  Anr.  8  made  after  cleaning. 
May  17-18,  water  developed  at  head.  May  19-22,  ditch  cleaned.  Diversion  aam  washed  out  July  4  and 
again  July  6, 1909. 

Monthly  discharge  of  Santa  Cruz  River  and  ditches  at  Tucson^  Ariz,,  for  1908-9, 


River  discharge  hi  seoond-feet. 

Run-off  (total  in  acre-feet). 

Month. 

Maximum. 

Minimum. 

Mean. 

River. 

Manning 
dUchT 

Farmers 
ditch. 

Total 

1908. 
January         

16 

213 

19 

19 

2.3 

30.3 

2.1 

1.6 

130 

1,750 

130 

90 

600 
240 
660 
420 
530 
300 
460 
225 
430 
490 
470 
180 

240 
120 
380 
300 
300 
250 

970 

February 

2,110 
1  170 

March                    

April  V                   

810 

830 

June                        

1 

1 

500 

July           

6,780 

220 

1,080 

132 
37 
31.5 

8.100 
2.280 
1,870 

8.560 

August 

40 
210 
250 
240 

70 

2  540 

September     

2,510 
740 

October  

** 

710 

December 

25  1               0.5 

■■'ii'e" 

780 

1,030 

The  year 

6,780 

20.8 

15,100 

5,000 

2,400 

22,500 

1909. 
January 

4                    .4 
4                  1.0 
4  '                1.0 

1.9 
2.5 
2.2 
3.8 

.8 

120 
140 
130 
230 
50 

430 
540 
510 
400 
300 
240 
120 
130 
500 

280 
260 
250 
240 
200 
J80 
120 

830 

February 

940 

March  

880 

April 

14 
6 

870 

May 

550 

June 

420 

July 

1.740 

1.610 

940 

94.0 
121 
21.0 

5,820 

7,510 

1,260 

200 

160 

200 

6.060 

August  

7,640 
1,760 

ScDtomber 

October     

November 

December 

1 





The  period 

15.800 

1 

Note.— The  river  carried  water  from  Manning  ditoh  12)  days  in  Ootober»  10  days  in  November,  and 
13)  days  in  December. 
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SALT  BIYBB  DRAINAGE   BASIN. 
DBSCBIPTIOV. 

Salt  River,  though  considered  a  tributary  of  the  Gila,  is  in  fact 
larger  both  in  catchment  area  and  in  discharge.  It  receives  the 
drainage  from  central  Arizona,  its  principal  tributary,  the  Verde, 
flowing  southeasteriy  and  south  from  the  mountains  and  table- 
lands south  of  Colorado  River.  The  Verde  Valley  is  situated  in 
Yavapai  County,  Ariz.,  on  the  headwaters  of  the  stream,  and  ex- 
tends from  a  canyon  above  Camp  Verde  to  a  point  about  10  miles 
below  the  fort.  About  a  mile  below  the  junction  of  the  Verde  and 
30  miles  above  Phoenix  the  Salt  enters  upon  the  plains  of  the  Gila 
VaUey. 

The  Salt  River  project  involves  the  construction  of  a  large  storage 
reservoir  controlled  by  the  Roosevelt  dam,  on  Salt  River,  at  Roose- 
velt, Ariz.,  about  70  miles  northeast  of  Phoenix,  and  the  Granite 
Reef  dam,  on  the  same  stream,  about  40  miles  below  the  Roosevelt 
dam,  diverting  water  into  the  old  Arizona  canal  on  the  right  side 
of  the  river  and  into  the  highland  canal  on  the  left  side  of  the  river; 
the  enlargement  of  these  two  canals,  and  the  consoUdation  of  the 
canal  systems  in  the  Salt  River  valley,  in  the  vicinity  of  Phoenix 
and  Mesa,  Ariz.,  into  two  systems  receiving  water  from  these  two 
canals.  A  power  plant  is  being  .constructed  at  the  storage  dam  for 
generating  power  from  stored  water  in  the  reservoir  and  from  water 
diverted  from  a  power  canal  heading  at  a  diversion  dam  on  the  Salt 
River  about  18J  miles  above  the  storage  dam.  This  power  will  be 
partly  sold  jfor  industrial  uses  and  partly  used  for  pumping  water 
from  underground  sources  onto  high  lands  in  the  Gila  Indian  reser- 
vation and  in  the  Salt  River  valley.  The  power  canal  diversion 
dam,  the  power  canal,  the  Roosevelt  dam,  and  the  Granite  Reef 
dam  are  completed;  the  power  plant,  the  improvements  of  the 
Arizona  canal  system,  and  the  wells  for  underground  piunping  aye 
under  construction.^ 

SALT  BIVBR  AT  MoDOWSLL,  A&IZ. 

This  station,  which  was  established  April  20,  1897,  to  determine 
the  amount  of  water  available  for  irrigation,  is  located  one-third 
mile  above  the  junction  of  Salt  and  Verde  rivers,  30  miles  north- 
east of  Phoenix,  15  miles  northeast  of  Mesa,  and  If  miles  above  the 
Arizona  canal  diversion  dam. 

The  bed  of  the  river  at  this  point  is  sandy  and  shifting,  and  fre- 
quent measurements  are  required  to  properly  determine  the  daily 
discharge. 

The  station  is  maintained  by  the  United  States  Reclamation 
Service. 


1  Description  of  the  Salt  River  project  taken  from  Seventh  Ann.  Rept.  U.  B.  Red.  Service,  1907-8,  pp. 
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DMutrge  medwremenU  of  Salt  River  at  McDowell j  Ariz.,  in  1909. 
[By  W.  Rldilns] 


Date. 

beiS^t. 

Dis- 
charge. 

Date. 

he^L 

Dfo- 
ohaige. 

Jan.   4  

Feet. 
2.80 
2.30 
2.20 
2.15 
4.25 
6.30 
7.65 
5.95 
5.95 
6.10 
6.25 
6.60 
6.45 
6.60 
5.95 
6.55 
5.50 
6.50 
6.00 
6.40 
3.50 
6.75 
6.76 
7.15 
7.36 
7.40 
7.20 
4.90 
7.56 
7.95 
7.85 

.    7.85 
6.90 
3.45 
6.55 
6.56 
5.80 
3.80 
3.65 
3.50 
3.45 
3.85 
4.25 
4.75 
4.95 
4.95 
4.95 
4.90 
4.85 
4.80 
4.70 
4.60 
4.60 
4.50 
4.40 
4.35 
4.35 
4.25 

137 

48 

60 

666 

1,080 

3,770 

6,410 

4,500 

3,910 

3,420 

4,110 

4,080 

3,540 

3,760 

2,680 

3,520 

e 1,800 

3,200 

2,360 

3,320 

M94 

3,350 

3,420 

4,100 

4,520 

4,260 

3,720 

»852 

4,510 

5,820 

6,290 

5,370 

c  1,870 

118 

3,120 

3,760 

c 1,710 

163 

112 

98 

109 

270 

449 

738 

886 

884 

887 

732 

719 

720 

675 

659 

657 

506 

444 

438 

428 

413 

July  16 

FeeL 
4.15 
4.10 
4.25 
4.35 
4.60 
4.65 
4.50 
4.40 
4.85 
4.95 
5.65 
6.00 
5.75 
5.65 
5.40 
5.20 
6.40 
a  15 
8.35 
7.45 
6.80 
6.05 
5.80 
5.70 
5.25 
5.15 
4.85 
4.75 
4.60 
4.50 
4.45 
4.40 
4.30 
4.30 
4.25 
4.25 
5.20 
6.30 
5.80 
6.85 
5.85 
6.75 
6.75 
5.75 
5.70 
6.65 
5.50 
5.50 
5.05 
4.50 
4.30 
3.85 
3.45 
3.40 
3.90 
3.96 
3.35 
3.30 

Sec-ft, 
363 

g 

^20 

333 

12a 

23 

411 

18a 

26 

511 

23a 

28 

732 

26a 

30 

746 

29o 

Aug.   3 

'     619 

Feb.    2  a 

6. 

571 

5a 

10 

864 

11 

13 

1,030 

12 

17 

1,690 
1,900 

16 

20 

19.                

24 

1,660 

23 

27 

1,560 

26                 

31 

1,450 

Mar    2 

Sept.    3 

1,200 

5                 

1,510 

0 

8 

4,790 

12                      

10 

6,000 

16 

14 

3,910 
2,940 
1,920 
1,660 

10                      

17 

23 

21 

26                      

23 

30 

24 

1,470 

Apr    2 .  ... 

29 

1,060 
910 

Oct.    1 

9                           .      ... 

5 

670 

13        

8 

548 

16 

12 

616 

20             •• 

15 

446 

23                                 .     . 

17 

404 

27             

22 

383 

30 

26 

328 

Mav   4                            

29 

334 

*^  7 : 

Nov.    2 

314 

7                            

5 

328 

g 

8 

996 

10                   

9 

1,150 

12 

10 

1,530 

14     .           

11 

1,560 

17 

12 

1,600 
1,430 

19                

16 

21 

17 

1,420 

25                               

19 

1,450 

28            

23 

1,400 

June    1 

26 

1,350 

4             

28 

1,230 

1,250 

986 

g 

30 

11                

Dec.    3 

15        

7 

560 

Ig                       

9 

457 

22        

10 

C237 

25                            

14 

95 

29               

17 

78 

July   2 

20 

«294 

23 

322 

9                                  .   .   . 

28 

e]06 

13 :::":::::::::::::::: 

31 

106 

a  Made  by  J.  C.  Learning. 

f>  Gage  height  affected  by  backwater  in  Verde  River. 

c  Low  discharge  is  caused  by  closing  gatCw  at  Roosevelt  dam. 

d  Water  turned  back  in  river. 
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Daily  gage  height,  in  feet,  of  Salt  River  at  McDowell,  Ariz.,  for  1909, 
[W.  Richins,  observer.] 


Day. 


1 
2. 
3. 
4 

6. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
16. 
16. 
17, 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


Jan. 


5.80 
5.45 
3.50 
2.82 
2.65 

2.50 
2.38 
2.30 
2.30 
2.22 

2.20 
2.20 
2.20 
2.20 
3.62 

3.32 
2.30 
2.15 
2.10 
2.10 

2.10 
2.10 
4.30 
5.42 
5.40 
6.32 
4.28 
6.65 
7.56 
6.90 
6.55 


Feb. 


6.16 
5.95 
5.85 
6.95 
5.98 

6.92 
6.96 
6.95 
6.86 
6.00 

6.22 
&38 
6.20 
6.60 
6.60 

6.60 
6.55 
6.40 
6.38 
6.55 

6.50 
6.68 
6.60 
6.38 
6.96 

6.96 
6.00 
6.10 


Mar. 


6.70 
6.62 
6.60 
6.66 
&26 

6.42 
6.40 
6.45 
&48 
&06 

6.00 
6.00 
6.15 
6.50 
6.62 

6.42 
6.00 
3.86 
3.70 
6.76 

6.70 
6.70 
6.72 
6.68 
6.78 
a  72 
6.10 
6.20 
7.20 
7.18 
7.40 


Apr. 


7.38 
7.32 
4.36 
6.65 
6.90 

7.40 
7.25 
7.20 
7.20 
7.26 

7.40 
7.56 
4.66 
3.76 
7.45 

7.56 
7.80 
4.55 
7.80 
7.92 

7.32 
7.90 
7.85 
7.85 
7.86 

7.86 
7.86 
7.62 
7.32 
6.86 


May.    June. 


4.42 
3.75 
3.58 
3.42 
3.38 

3.36 
6.52 
6.80 
4.00 
3.82 

3.68 
3.62 
3.68 
3.60 
3.46 

3.46 
3.46 
3.65 
3.90 
4.05 

4.28 
4.42 
4.66 
4.62 
4.78 

4.88 
4.96 
4.95 
6.00 
4.96 
4.95 


4.95 
4.95 
4.95 
4.92 
4.92 

4.90 
4.90 
4.90 
4.90 
4.88 

4.86 
4.86 
4.86 
4.80 
4.80 

4.78 
4.76 
4.70 
4.70 
4.66 

4.60 
4.60 
4.60 
4.60 
4.68 

4.60 
4.60 
4.60 
4.48 
4.46 


July. 


4.42 
4.40 
4.40 
4.40 
4.36 

4.36 
4.36 
4.36 
4.32 
4.30 

4.30 
4.26 
4.25 
4.20 
4.18 

4.16 
4.10 
4.10 
4.10 
4.10 

4.10 
4.28 
4.26 
4.26 
4.36 

4.38 
4.60 
4.60 
4.66 
4.62 
4.60 


Aug.     Sept. 


4.65 
4.60 
4.48 
4.42 
4.40 

4.40 
4.40 
4.40 
4.78 
4.85 

4.80 
4.80 
4.92 
4.95 
4.96 

6.50 
6.70 
6.92 
6.00 
6.98 

6.92 
6.80 
6.75 
6.72 
6.62 

6.62 
6.62 
6.58 
6.50 
6.46 
5.70 


6.32 
6.28 
6.20 
6.16 
6.20 

6.25 
6.02 
8.22 
8.48 
8.30 

8.10 
7.80 
7.68 
7.40 
7.16 

6.96 
6.75 
6.56 
6.35 
6.16 

6.05 
6.98 
6.82 
6.68 
6.68 

6.46 
6.36 
6.30 
5.22 
6.12 


Oct. 


5.12 
6.08 
6.00 
4.92 
4.86 

4.80 
4.78 
4.72 
4.70 
4.65 

4.60 
4.  CO 
4.65 
4.62 
4.50 

4.50 
4.46 
4.46 
4.46 
4.40 

4.40 
4.40 
4.36 
4.36 
4.30 

4.30 
4.30 
.4.28 
4.30 
4.30 
4.30 


Nov.     Dec. 


4.26 
4.26 
4.26 
4.25 
4.26 

4.20 
4.20 
5.20 
5.32 
6.78 

6.82 
6.85 
6.86 
6.80 
6.80 

5.75 
6.75 
6.46 
6.76 
5.76 

6.75 
6.70 
6.70 
6.70 
6.65 

6.62 
6.70 
6.60 
6.40 
6.48 


6.28 
6.25 
5.08 
6.06 
4.80 

4.€0 
4.62 
4.40 
4.28 
3.98 

3.70 
3.60 
3.50 
3.45 
3.46 

3.42 
3.40 
3.40 
3.40 
3.88 

3.90 
3.95 
3.95 
3.62 
3.40 

3.36 
8.36 
3.36 
3.36 
3.36 
3.36 


Note.— Rise  Jan.  16-17  due  to  backwatef  from  Verde  River.  No  change  in  amount  turned  out  at 
Roooevelt. 

Gage  heights  are  affected  by  regulation  at  Roosevelt  dam. 

Maximum  recorded  gage  heights  occurred  as  foUows:  Jan.  29,  7.70;  Feb.  1,  6.16;  May  7,  6.56;  Aug.  31, 
6.00;  Sept.  9, 8.60;  Oct.  1, 6.15;  and  Dec.  1 , 5.30  feet. 

Minimum  recorded  gage  heights  occurred  as  foUows:  Mar.  19, 3.50;  April  14, 3.70;  Sept.  30, 6.10;  and  Oct. 
28, 4.26  feet. 

Daily  discharge,  in  second-feet,  of  Salt  River  at  McDoweU,  Ariz.,  for  1909. 


Day. 

Jan. 

Feb. 

1 

2,800 

2,230 

440 

146 

120 

80 
60 
60 
60 
66 

60 
60 
60 
60 
60 

50 
50 
66 
66 
66 

56 

55 

1,110 

2,300 

2,200 

3,800 
800 
3,760 
6,000 
6,600 
6,150 

4,700 

2 

4,500 

3 

4,100 
4,000 

4 

5 

4,000 

6 

3,700 

7 

3,600 

8 

3,600 

9 

3,000 

10 

3,100 

11 

3,400 

12 

3,600 

13 

3,300 

14..     .  .  .. 

4,600 

16 

4,400 

16 

4,060 

17 

3,900 

18 

3,700 

19 

3,600 

20 

3,700 

21 

3,600 

22 

3,740 

23 

3,760 

24 

3,300 

25 

2,600 

26.      

2,690 

27 

2,600 

28 

2,750 

29 

30 

31 

Mar. 


3,920 
3,480 
3,450 
3,570 
1,550 

3,280 
3,140 
3,170 
3,140 
2,380 

2,360 
2,360 
2,650 
3,480 
3,750 

3,400 

2,450 

310 

260 

3,900 

3,600 
3,500 
3,450 
3,350 
3,500 

3,370 
2,200 
2,300 
4,400 
4,200 
4,820 


Apr. 


4,700 
4,500 
460 
1,500 
3,100 

4,280 
3,900 
3,720 
3,720 
3,900 

6,000 

6,000 

640 

240 

4,200 

4,510 
6,300 
320 
6,300 
5,600 

3,800 
5,500 
5,300 
5,320 
5,330 

6,350 
6,360 
6,100 
4,600 
1,800 


May. 


920 
200 
140 
110 
90 

70 

3,100 

1,710 

240 

160 

150 
130 
120 
98 
100 

100 
109 
180 
290 


470 
650 
610 
660 
760 

860 
880 
884 
930 
940 
940 


June. 


944 
920 
900 
870 
830 

800 
750 
734 
730 
720 

719 
720 
720 
720 
723 

710 
690 
664 
660 
600 

569 
660 
660 
660 
658 

630 
620 
610 
500 
470 


July. 


450 
450 
460 
450 
450 

448 
440 
440 
430 
430 

430 
420 
413 
390 


350 
340 
340 
333 

330 
420 
411 
420 
620 

560 
732 
740 
750 
740 
710 


Aug. 


670 
630 
610 
590 
580 

671 
660 
560 
820 
864 

840 

860 

990 

1,030 

1,000 

1,640 
1,620 
1,970 
2,010 
1,880 

1,810 
1,680 
1,640 
1,640 
1,500 

1,620 
1,520 
1,520 
1,490 
1,480 
1,830 


Sept. 


1,340 
1,260 
1,160 
1.120 
1,200 

1,280 
2,440 
5,600 
6,400 
6,800 

6,200 
4,650 
4,120 
3,850 
3,460 

3,150 
2,840 
2,560 
2,260 
2,040 

1,920 
1,820 
1,700 
1,440 
1,360 

1,240 
1,130 
1,100 
1,050 


Oct 


840 
780 
760 
670 

620 
590 
630 
630 
530 

620 
616 
490 
470 
462 

450 
440 
430 
412 
390 

375 
361 
350 
346 
836 

327 
330 
330 
334 
330 
326 


Nov. 


320 
314 
320 
325 
328 


1,180 
1,500 

1,560 
1,600 
1,660 
1,600 
1,500 

1,430 
1,420 
1,100 
1,450 
1,450 

1,440 
1,410 
1,400 
1,400 
1,360 

1,300 
1.420 
1,230 
1,120 
1,220 


Dec 


1,090 

1,060 

1,000 

940 

790 

660 
610 
630 
450 
300 

180 
160 
110 
95 
90 

80 
78 
80 
80 
290 

300 
320 
324 
190 
110 

110 
110 
105 
110 
110 
110 


Note.— These  discharges  were  obtained  by  the  indirect  method  for  shifting  channels. 
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SURFACE   WATEB  SUPPLY,  1900,  PART  IX. 


MorUhly  dUcharge  of  Salt  River  at  McDowell,  Ariz,  y  for  1909, 
[Drainage  area,  6,360  square  mUee.] 


Ifontb. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year. 


Discharge  In  second-feet. 


Maximum. 


6,000 
4,600 
4.820 
6.000 
3,100 
044 
750 
2,010 
6,400 


1,600 
1.000 


6,400 


Minimum. 


50 

2,590 

260 

340 

70 
470 
330 
560 
960 
325 
314 

78 


50 


Mean. 


1,200 

3,620 

3,050 

3,040 

544 

681 

468 

1.220 

2,510 

485 

1,130 

341 


1,580 


Per 
square 
mile. 


0.192 
.578 
.487 
.629 
.087 
.109 
.075 
.105 
.401 
.077 
.180 
.054 


.252 


Run-off. 


Depth  in 

inches  on 

drainage 

area. 


0.22 
.60 
.56 
.70 
.10 
.12 
.09 
.22 
.45 
.09 
.20 
.06 


3.41 


Total  In 
acre-feet. 


73.800 
201,000 
188.000 
234.000 
33.400 
40.500 
28,800 
75.000 
149.000 
29.800 
67.200 
21.000 


1,140.000 


NoTK.— These  estimates  were  recomputed  to  conform  to  the  computation  rules  used  by  the  U.  S.  Oeo- 
k>gical  Survey.    The  values  differ  slightly  from  those  computed  by  the  Reclamation  Service. 

VBKDS   RIVXR  AT   MoDOWZLL,  A&UE. 

This  station,  which  was  established  April  20,  1897,  is  located  30 
miles  northeast  of  Phoeni?^,  15  miles  northeast  of  Mesa,  2 J  miles  above 
the  Arizona  canal  diversion  dam,  and  three-fourths  of  a  mile  above 
the  mouth  of  the  river. 

As  the  bed  of  the  stream  at  this  point  is  sandy  and  shifting,  frequent 
measurements  are  required  to  properly  determine  the  daily  discharge. 

This  station  is  maintained  by  the  United  States  Reclamation 
Service. 

DiKharge  measurements  of  Verde  River  at  McDowell,  Ariz.,  in  1909. 
[By  W.  Rlchins.] 


Date. 


Jan. 


Feb. 


4... 

8... 
12a. 
17a. 
20a. 
22a. 

aea. 

30O. 

3a. 

9a. 
12... 
16... 
19... 


Mar. 


26. 

2. 

6. 

9. 
12. 
16. 
19. 
23. 
26. 
30. 


hd^t 

Dis- 
charge. 

Feet. 

Sec.-feet. 

4.30 

519 

4.20 

453 

4.05 

481 

6.50 

3,650 

6.50 

1.450 

5.10 

1,000 

6.20 

2,720 

5.55 

1,500 

5.20 

954 

5.70 

2.240 

5.50 

1,180 

6.20 

2,240 

6.90 

1,430 

6.20 

1.820 

5.80 

1,240 

6.35 

1.840 

6.50 

1,960 

6.60 

2.000 

6.95 

1.180 

6.35 

1,910 

6.45 

1.760 

6.35 

1.500 

6.35 

1,470 

7.90 

5,700 

Date. 

Oace 
height. 

Dis- 
charge. 

Apr.    2 

Feet.       See.-feet. 
7.20            2,710 

7. 46            2. 860 

9 

6.65            1,240 

13 

6.65            1.300 

16 :  

6.55            1.340 

20 

6.45            1,060 

23 

6.15               663 

27 

6.80               424 

30 

6.60               333 

May     4 

6.45  '             248 

^  7:::::.:...:.:::::.:::: 

6.36 
6.25 
5.25 
6.20 
6.20 
5.20 
5.20 
6.16 
6.16 
5.10 
6.10 

248 

10 

185 

12 

305 

14 

181 

17 

191 

19 

184 

21 

191 

25 

102 

28 

1«5 

June     1..    . 

164 

4 

1S2 

8 

6.06  >             148 

11 

4.95  1             132 

15 

4.90               130 

a  Made  by  J.  C  Learning. 
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Discharge  meoiuremenU  of  Verde  River  at  McDowell,  Ariz.,  in  1P09— Continued. 


Date. 


Jane  18.. 

22.. 

25.. 

29.. 
July     2.. 

6a 
9.. 

13.. 

16.. 
July  20.. 

23.. 

26.. 

28.. 

3D.. 

Aug.    3.. 

0. . 

10.. 

13.. 

17.. 

20.. 

24.. 

27.. 

31.. 
Sept.    3.. 

8.'! 
10.. 
14.. 
17.. 
21.. 
23.. 
24.. 
29.. 


hefiK. 

Dis- 
charge. 

Fed. 

StcftA. 

4.90 

132 

Oct.     1 

4.90 

126 

6 

4.90 

ViA 

8 

4.90 

114 

12 

4.86 

119 

16 

6.45 

416 

19 

5.10 

233 

22 

4.95 

160 

26 

4.85 

147 

29 

6.10 

188 

Nov.    2 

6.88 

651 

5 

6.80 

1,760 

8. 

6.75 

1,396 

9. 

6.05 

607 

10. 

5.60 

328 

11 

5.55 

310 

12. 

6.10 

623 

16. 

7.30 

2,300 

17. 

8.08 

4.020 

19. 

6.90 

1,340 

23 

6  50 

801 

26 

665 

1,050 

28 

6.10 

492 

30 

6.95 

398 

Dec.     3 

7.10 

1,800 

7 

7.10 

1,760 

9 

6.65 

828 

10 

6.05 

374 

14 

6.86 

276 

17 

6.75 

247 

20 

6.70 

211 

23 

5.65 

207 

28 

5.55 

180 

31 

Date. 


Oafe 
height. 

Dis- 
charge. 

Ftd. 

Sec.^eet. 

5.60 

196 

5.50 

161 

5.50 

169 

5.50 

175 

5.50 

162 

5.50 

162 

5.45 

144 

5.45 

155 

5.45 

156 

5.45 

157 

5.50 

227 

5.45 

181 

5.45 

194 

5.45 

195 

5.45 

192 

6.50 

201 

6.50 

245 

5.55 

267 

6.55 

254 

5.55 

241 

6.50 

213 

5.65 

260 

5.60 

297 

6.60 

288 

5.60 

290 

5.60 

283 

5.65 

326 

5.85 

472 

5.70 

330 

5.65 

322 

6.00 

503 

5.90 

382 

5.80 

337 

•  Made  from  cable. 

Note.— From  June  11  to  July  30,  excepting  July  6,  measurements  were  made  about  500  feet  above  cable 
by  wading.  Water  too  shallow  at  cable  to  make  an  accurate  measurement.  Beginning  July  23,  measure- 
ments were  resumed  from  the  cable. 

Daily  gage  height,  in  feet,  qf  Verde  River  at  McDowell,  Ariz.,  for  1909, 


Day. 

Jan. 

4.40 
4.40 
4.35 
4.30 
4.30 

4.28 
4.22 
4.20 
4.15 
4.15 

4.10 
4.05 
4.05 
4.05 
7.98 

7.50 
6.42 
6.00 
5.75 
5.50 

6.30 
5.10 
5.00 
8.00 
6.90 

6.30 
6.02 
5.85 
5.98 
5.75 
5.58 

Feb. 

Mar. 

Apr. 

7.18 
7.08 
6.82 
7.15 
7.45 

7.32 
7.05 
6.80 
6.58 
6.50 

6.60 
6.65 
6.65 
6.50 
6.48 

6.65 
6.60 
6.55 
6.52 
6.45 

6.38 
6.25 
6.12 
6.02 
5.95 

5.88 
5.80 
5.75 

5.r.8 

5.60 

reguIaU 
20;&3C 

May. 

June.    July. 

Aug. 

Sept 

6.08 
6.98 
5.92 
5.85 
6.00 

6.78 
7.18 
7.06 
6.78 
6.60 

6.42 
6.20 
6.12 
6.02 
6.92 

5.88 
5.85 
5.80 
5.75 
5.75 

5.75 
5.70 
5.70 
6.65 
6.65 

6.60 
5.00 
5.  .55 
5.55 
5.58 



Oct. 

6.60 
6.55 
5.50 
5.50 
6.50 

5.50 
6.50 
6.50 
6.50 
6.50 

6.50 
5.50 
6.50 
5.50 
6.50 

5.50 
5.50 
5.50 
6.50 
5.48 

6.46 
5.45 
5.45 
5.45 
5.46 

5.46 
5.45 
5.45 
5.45 
5.45 
5.45 

jcordod 
7,  7.26; 

edbyV 

Nov. 

5.46 
5.45 
6.45 
6.48 
5.50 

5.50 

Dec. 

1 

5.50  1    6.48 

6.55 
5.50 
5.45 
5.45 
6.40 

6.38 
5.35 
5.30 
5.30 
5.25 

5.25 
6.25 
5.22 
5.20 
5.20 

6.20 
5.20 
5.20 
5.20 
6.20 

5.20 
5.20 
5.15 
6.15 
5.15 

5.15 
5.15 
5.15 
5.15 
5.10 
5.10 

on  at  ] 
>;July 

5. 10      4. 86 
6.  0  ,    4.86 
5. 10       4. 85 
5.08  '    4.85 
5.0>       4.85 

6. 70 
6.62 
5.C8 
6.68 
6.62 

6.65 
6.65 
6.05 
6.20 
6.10 

6.22 
6.18 
7.18 
6.72 
7.75 

8.22 
7.92 
7.52 
7.18 
7.12 

7.10 
6.70 
6.48 
6.62 
6.45 

6.70 
6.72 
6.45 
6.20 
6.12 
6.08 

5.60 

2 

5.32 
5.20 
5.20 
5.20 

5.20 
5.20 
5.20 
6.75 
6.90 

6.70 
5.45 
5.40 
5.80 
6.20 

6.18 
5.92 
5.75 
5.95 
6.08 

6.10 
C.32 
0.15 

6.40 
6.40 
6.40 
6.60 

6.82 
6.95 
6.95 
6.58 
6.28 

6.02 
5.95 
6.78 
5.65 
6.60 

6.35 
6.58 
6.40 
6.42 
6.45 

6.40 
6.38 
6.  .32 

6.60 

3 

5.60 

4 

6.65 

6 

6.65 

6 

6.01 
5.05 
5.05 
6.00 

5.38 
5.30 
5.18 
6.08 

5.  A2 

7          

5.45  1    6-fO 

8 

5.45 
5.45 
5.45 

5.45 
5.50 
5.50 
5.50 
5.50 

5.52 
5.55 
5.55 
5.55 
5.55 

5.55 
5.5.'> 
5.55 
6.52 
6.50 

6.50 
6.50 
5.55 
5.  GO 
5.60 

5.60 

9 

5.f0 

10 

4.98  1    5.02 

5.62 

11 

4.95 
4.95 
4.90 
4.90 
4.90 

4.90 
4.90 
4.90 
4.90 
4.90 

4.90 
4.90 
4.90 
4.90 
4.90 

4.90 
4.90 
4.90 
4.90 
4.90 

5.00 
4.95 
4.92 
4.90 
4.85 

4.82 
4.80 
6.20 
5.22 
6.08 

6.20 
6.62 
6.78 
6.55 
6.42 

6.35 
6.15 
6.70 
6.28 
6.00 

5.65 

12 

5.70 

13 

6.75 

14          

5.82 

15 

5.78 

16 

5.70 
5.70 
5.70 
5.65 
5.65 

5.68 
5.H8 
6.05 
6.05 
6.00 

6.00 
5.92 
5.90 
5.88 
5.82 
6.80 

17          

18 

19 

ao 

21 

22 

23 

24 

5. 85       0. 15 
5.72       6.20 

6.82       6.50 
5.88       6.95 
5. 40       6. 95 

25 

26 

27      

28 

29 

8.00 
7.82 

30 

31 

7.40 

ted  by 
0;  Mar. 

tOOSPVf 

28,6.76 

5.82 

Note.  —Gage  h 
occurred  as  follow 

eights  a 
vs:  Jan. 

xe  aflec 
16,8.9 

It  dam 
;Aug. 

.  Max! 
16,  &80 

mum  n 
Sept. 

Digitiz 

gage  heights 
Dec.  23,  6.10. 
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Daily  dUchargey  in  second-feet,  of  Verde  River  at  McDowell,  Ariz. ,  for  1909, 


Day. 


1 
2. 
3. 
4. 

5. 

6. 

7, 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
2i. 
30. 
31. 


Jan. 


510 
520 
520 
519 
510 

490 
470 
453 
450 
470 

480 
481 
480 
480 
6,800 


Feb. 


1,360 
1,100 
954 
1,000 
1,050 

1,100 
1,150 
1,200 
2,050 
2,100 

1.600 
1,250 
1,070 
1,550 
2,240 


4,650  2,200 
3.400  ;  1,640 
2,300  I  1.300 
1.820  1,490 
1,460     1,650 


Mar. 


1.200 
1,000 
900 
7,000 
4,300 

3.000 
2.  .350 
1.990 
2,200 
1.820  . 
1.550  t 


1.680 
2.500 
1,740 
1,320 
1,160 

1.250 

1,290 

850 


! 


2,130 
1,920 
1,860 
1,830 
2,120 

2,560 
2,800 
2.750 
1,960 
1,490 

1.170 

1.100 

1,000 

900 

900 

1,910 
2,030 
1J90 
1,720 
1,720 

1,610 
1.580 
1,500 
1.250 
1,300 

1.690 
2.550 
2.600 
5.050 
4.680 
3,450 


Apr. 


2,540 
2,400 
1,780 
2,370 
2,950 

2,580 
1,900 
1.500 
1,160 
1,100 

1,120 
1.210 
1,390 
1,130 
1,100 

1,380 
1.280 
1,180 
1,140 
1,050 

940 
790 
650 
570 
520 

480 
424 
400 
370 
333 


May. 

June. 

300 

164 

270 

164 

250 

164 

248 

162 

245 

150 

245 

160 

248 

150 

220 

149 

210 

140 

187 

135 

195 

132 

203 

130 

190 

130 

181 

130 

190 

130 

190 

130 

191 

130 

190 

130 

185 

m 

190 

130 

191 

130 

185 

126 

170 

125 

170 

125 

162 

125 

165 

120 

165 

120 

166 

120 

165 

116 

166 

120 

.165 

July. 


120 
120 
120 
120 
120 


320 
270 
230 
190 

180 
170 
160 
155 
150 

145 
140 
960 
300 
190 


Aug. 


340 


340 

320 

1,400 

600 

730 


710 

610 

2,020 

1,600 

3,400 

4,900 
3.860 
2,670  i 
1,900 
1,700 


Sept. 


280 

1,820 

440 

1,000 

600 

780 

460 

970 

390 

760 

,120 

1.120 

800 

1,150 

,350 

830 

810 

600 

560 

550 

420 

500 

480 
400 
370 
320 
420 

1.200 
1,920 
1.660 
1,080 
770 

630 
470 
420 
380 
340 


272 
260 
250 
250 

247 
220 
211 
208 
208 


200 
190 
180 
190 


Oct. 


197 
180 
170 
160 
161 

160 
160 
150 
160 
165 

165 
175 
165 
165 
162 

162 
162 
162 
162 
155 

160 
143 
160 
160 
160 

151 
160 
160 
154 
155 
155 


Nov.  Dec 


155 
157 
160 
190 
227 

220 
200 
181 
194 
195 

192 
201 
205 
205 
205 

245 
267 
260 
254 
260 

250 
260 
241 
230 
220 

213 
220 
260 
290 
297 


290 
290 
273 
270 
270 

300 
291 
300 
290 
327 

340 
3£0 
30) 
472 
SCO 

340 
330 
3.-50 
320 
318 

330 
400 
£00 
600 
490 

4ro 

410 
3*^4 
370 
350 
337 


Note.— These  discharges  were  obtained  by  the  indirect  method  for  shifting  channels. 

Monthly  discharge  of  Verde  River  at  McDowell^  Ariz. ^  for  1909. 
[Drainage  area,  6,000  square  miles.] 


Month. 


January 

February 

March 

Ajpril 

May 

June 

July 

August 

September 

October 

November 

December 

The  year. 


Discharge  in  second-feet. 


Maximum. 


6,800 

2.500 

5,050 

2,960 

300 

164 

1.350 

4,900 

1,920 

197 

297 

600 


Minimum. 


460 
850 
900 
333 
162 
116 
120 
320 
180 
143 
155 
270 


6.800 


116 


Mean. 


1.760 

1.460 

2.030 

1,260 

200 

135 

379 

1,280 

475 

160 

221 

354 


805 


Per 
square 
mile. 


0.293 
.243 
.338 
.210 
.033 
.022 
.063 
.210 
.079 
.027 
.037 
.069 


.134 


Depth  in 

inches  on 

drainage 

area. 


0.34 
.25 
.39 
.23 
.04 
.02 
.07 
.24 
.09 
.03 
.04 
.07 


L81 


Run-off 
(total  in 
acre-fBet). 


108,000 
81.000 

125,000 
74.900 
12,300 
8,050 
23,300 
77,100 
28,300 
9.S40 
13,200 
21,800 


583,000 


MISCELLANEOUS  MEASUREMENTS  IN  COLORADO  RIVER 
DRAINAGE  BASIN. 

The  following  miscellaneous  discharge  measurements  were  made  in 
Colorado  River  drainage  basin  during  1909.  They  are  arranged 
by  drainage  basins  in  downstream  order. 
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Miscellaneotui  measvrements  in  Colorado  River  drainage  basin  in  1909. 
Qreen  Btrer  bailn. 


Date. 

Stream. 

Tributary  to— 

LocaUty. 

Gage 
height. 

Dis- 
charge. 

Nov.  13 

Lake  Fork 

Duchesne  River 

Cottonwood  Creek 

do 

Lower  Canyon.  Utah 

Feet. 

*T4?- 

June  14 

Great  Western  oanal 

do 

Orangeville,  Utah 

17.3 

July  28 
June  14 

do 

12.1 

Clipper  canal 

Jsflue  Cut  canal   .'."'. 

do 

do 

do 

do 

3.2 

3.5 

3.2 

2.76 

2.25 

3.65 

4.13 

20.3 

July  28 
Juno  14 

do 

do 

28.4 
54.2 

July  27 
Aug.  23 
Juno  15 

do 

do 

Mammoth  canal 

do 

do 

do 

do... 

do 

do 

do 

34.8 
4.6 
30.5 

July  27 
Apr.  28 
June  12 
July  26 
Aug.  23 
Apr.  28 
June  12 

do 

North  canal . 

do 

43.0 

Ferron  Creek 

Ferron,  Utah 

24.9 

do 

do 

do 

South  canal 

do 

do 

do 

do 

do 

do 

do 

do 

2.65 
2.50 
2.00 

90.0 
61.5 
23.6 
21.7 

do 

do 

do 

15.6 

July  26 
Uny     4 

June  18 
July  29 

do 

do 

do 

30.6 

Huntington  Creek 

do 

do 

Cleveland  canal 

San  Rafael  River 

do 

do 

Huntington  Creek 

do 

do 

do 

do 

do 

do 

At  county  bridge,  near 
Huntington,  Utah. 

do 

do 

3.25 

3.8 

1.7 

4.0 

4.15 

2.6 

3.05 

2.24 

2.05 

1.7 

LO 

1.0 

68.1 

696 
10.1 

June  17 

Huntington,  Utah. . . . . . 

do 

111 

July  29 
Aug.  21 

do 

do 

North  oanal 

do 

do 

Huntington  canal 

129 

do 

1.5 

Jtme  17 

do 

51.8 

Aug.  21 
Sept.  21 
June  17 

do 

do 

do 

15.9 
2.6 
63.4 

Aug.  21 
Sept.  21 

do 

do 

do 

do 

do 

do 

17.9 
18.3 

Grand  River  badn. 

Aug.  10 
June  27 

East  Inlet  to  Grand  Lake 
South   Fork   of  Grand 
River. 

do 

Stillwater  Creek 

Grand  Lake 

Grand  Lake.  Colo 

At  Grigg's  ranch,  near 

Lehman,  Colo. 
Lehman's  ranch,  Colo. . . 
King's      ranch,      near 

Granby,  Colo. 
do 

-4.60 
4-80 

48 

Grand  River 

718 

^"fio' 

do 

112 

do 

a3 

Aug.  11 

do 

Willow  Creek 

do 

as 

June  17 

do 

One-half    mile    above 
mouth,  near  Dexter, 
Colo. 

At  mouth,  near  Spit«er. . 

do 

6.10 

3.63 
6.10 

910 

May     4 
June  17 

do 

do 

Blue  River 

do 

85 

do 

do 

910 

Jan.   20 

Governor  mine, 'Colo 

1.6 

Mar.  23 
Jan.   20 

May  12 
Mar    22 

do 

do 

do 

.  ...do 

do 

do 

do 

Above      Breckenridge, 

Colo. 
One-fourth  mile  above 

Spruce  Creek  Plant, 

near      Breckenridge, 

Colo. 
At  Breckenridge,  Colo... 

1.5 
2.1 

45 

....do 

At  Dillon.  Colo 

60 

May  12 
July  14 

Jan.   17 

Ten  Mile  Creek 

Blue  River 

Eagle  River 

do • 

One-fourth  mile  north  of 

Gypsum,  Colo. 
Aspen,  Colo 

.!..!!!! 

133 

Gypsum  Creek     

79 

Roaring  Fork 

Grand  River 

29 

Mar.  20 

do 

do 

Hunters  Creek 

do 

do 

Roaring  Fork 

do 

35 

Apr.  24 
Jan.    17 

do 

68 

do 

5.6 

Mar.  20 
Apr.  24 
Mar.  20 

do 

do 

Castle  Creek 

do 

do 

Maroon  Creek 

do 

do 

do 

do 

do 

do 

*  ■.■9" 

.95 

5.0 
15 
50 

Apr.  24 
Jan.    17 

do 

.\t  mouth,  near  Aspen, 

Colo. 
Near  Aspen,  Colo 

51 
61 

Apr.  24 
Jan.    17 

Mar.  20 

do 

17 

do 

do 

Frvine  Pan  River 

do 

do 

do 

At  mouth,  near  Aspen 

Colo. 
do 

11 
12 

Jan    18 

Thomasville,  Colo. 

34 

Mar.  21 

do 

Lime  Creek 

do 

do 

48 

Do... 

Frying  Pan  River 

Roaring  Fork 

At  mouth,  Thomasville, 

Colo. 
Redstone,  Colo 

2.40 

9.2 

Jan.    14 

Crystal  River 

58 

a  Estimated. 
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Miscellaneoiu  meamirementi  in  Colorado  River  drainage  hatin  in  J 909 — Continued. 
Onuid  Blvtr  bailn- Continued. 


Date. 

Stream. 

Tributary  to- 

LocaUty. 

^^. 

Db- 
charge. 

Ifar.  i; 

Crystal  River 

Roaring  Fork 

Redstone,  Colo 

Feet. 
2.40 
1.85 

Ste.-fU 
56 

Jan.    15 

do 

do 

..do 

Scwell,  Cok) 

111 

Do.  . 

do 

Hot  Springs,  Colo 

76 

Mar.  18 

do 

Spruce  and  Crystal  canal . 

Coal  Creek 

.do 

do 

62 

Jan.    19 

Crystal  River 

One-fourth  mile  below 

headgate. 
Redstone,  Cok) 

.5 

Jan.   15 

do 

6.2 

Mar.  17 

do 

Avalanche  Creek 

.do 

..,..do 

11 

Jan.    15 

do 

At   mouth,   Redstone, 
Coio. 

do 

Sewell,  Colo 

20 

Mar.  18 
Do.. 

do 

Thompson  Creek 

do 

Whitewater  Creek 

do 

do 

do 

do 

do 

do 

do 

do 

do 

(i  unnison  River 

.do 

20 

49 

Apr.  22 
Aug.  2G 

Oct.    10 

do 

One-half  mfleabove  bead 
Rjiteofditch,T.12S., 
U.  08  W.,  C^torado. 

do 

1.12 

40 
2.3 

2.5 

Mar.     4 

do . 

One-fourth  mile  above 

headgate. 
do 

1.3 

4 

do 

1.4 

3 

.do 

At  head  gate  of  ditch  In 
N.E.isoc.8,T.12S., 
R.  98  W.,  Colorado. 

do 

1.2 

4 

....do 

1-3 

4 

do 

.do 

1.3 

Aug.  25 
2*^ 

do 

do 

do 

do 

y/^',doy///^'^v^. '.'.'.'.'.', 

2.2 
2.6 

Fremont  Btrer  bulii. 

- 

Auf^29 

Upper  Fremont  Canyon . 
Rfeht  Fork  of  Fremont 

River. 
Ivy  Creek 

Fremont  River 

In  Rabbit  Valley,  Utah. 

2.5 

do 

do 

6.0 

Aug.  26 
Aug.  28 

.  .do 

do 

2.0 

Solomon  Creek 

do 

do 

2.0 

Au^^ao 

Bulberry  Creek 

.do 

do 

.6 

Donkev'  Creek 

do 

do 

2.0 

^V 

Sand  Creek 

do 

do 

2.0 

Fish  Creek 

do 

do 

1.5 

Aug.  12 

Qrover  Creek 

.do 

..do 

1.8 

J^inp  .^ 

'Torry  canal 

do 

In  Rabbit  VaUey,  Utah, 

(near  Ix)a). 
In  Rabbit  Valley,  Utah. 

,  .do 

11 

Aug.  30 
Aug.  13 
Aug.  26 

do 

Oak  Creek 

do 

.  .do 

3.0 
3.0 

Queatah-up-pah  canal . . . 
Muddy  Creek 

do 

do 

1-8 

July  26 
June  13 

do 

At  county  bridge,  near 

Emery,  Utah. 
Emery,  Utah 

2.15 
3.90 
3.43 

5.6 

Independent  canal 

Emery  canal 

Muddy  Creek 

7.9 

Do... 

do 

do 

.  .do 

60.4 

Aug.  26 

do 

...do 

13.7 

San  Juan  River  badn. 


Sept.  30 
Do... 

San  Juan  River 

Colorado  River 

Above  mouth  of  Pledras 
River,  near  Arboles, 
Colo. 

At  mouth,  near  Pajosa 
Junction,  Colo. 

At  Arboles,  Colo 

oaoo 

Navajo  Creek 

San  Juan  River 

a25 

Do... 

Piednus  River 

.....do 

a  lOO 

Do    . 

Los  Pinos  River 

...do 

At  railroad  bridge  at  La 

Boca,  Colo. 
At  La  Boca,  Colo  .... 

aeo 

Do. 

Spring  Creek 

Loe  Pinos  River 

Animas  River 

a  lO 

Do... 

Rio  Florida 

At    Denver    and    Rw 
Grande  railroad  cross- 
ing, south  of  Durango, 
Colo. 

oao 

Uttto  Colorado  Rtver  bailn. 

Apr.     7 
May  24 
June  26 

Manuelito  Creek 

Little  Colorado  R  i ver . . .    Manuelito,  N.  Mex 

do do 

fc-  .41 
6-  .35 
6-L03 

8.4 

It-  7 

do 

do 

do do 

.2 

1 

a  Estimated. 


b  Distance  down  from  reference  mark  to  water  sorfoce. 
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Midcellaneous  measurements  in  Colorado  River  drainage  basin  in  1909 — Continued. 

Vlrflii  Rtrer  bAdn. 


Date 

Stream. 

Tributary  to— 

Locality. 

Gaee 
begfat. 

Dis- 
chaige. 

Oct.    13 

Virgin  River 

Colorado  River 

Above  Zion  Creek,  near 
Springdalc,  Utah. 

Just  above  mouth,  near 
Springdale,  Utah. 

Near  Vfrgin,  Utah 

Feet. 

8ec.-fl. 
48.5 

Do... 

Zion  Creek 

Virgin  River 

62.5 

'""'V 

Hurricane  oanal 

do 

13.7 

La  Veiicin  oanal 

do 

do. .7..'. 

11.9 

July  14 
Do... 

South  side  Santa  Clara 

oanal. 
North  side  Santa  Clara 

oanal. 
Six  Mile  Flat  oanal.. 

Santa  Clara  River. 

...do 

Near  Santa  Clara,  Utah . . 

2.6 

do 

4.0 

July  15 
July  14 

Do... 

Do... 
Oct.    18 

.  .do 

Near  Central,  Utah 

2.8 

South  side  St.   George 

canal. 
North  side  St.   George 

oanal. 

Seep  canal 

PintoCreek 

do 

Near  St.  George,  Utah... 

4.1 

do 

do 

do 

do 

Near  Pinto,  Utah 

3.1 

4.8 
4.3 

OUa  Btrer  bailn. 


Apr. 

25 

D« 

k.. 

Apr. 

19 

Oct. 

9 

Dc 

Feb. 

7 

Apr. 

21 

June 

6 

July 

4 

Oct. 

9 

Gila  River 

Mogollon  River. 
Duck  Creek 


.do. 


Mangus  Creek 

Whitewater  Creek. 

....do 

....do 

....do 

do 


Colorado  River. 
Gila  River 


.do. 
.do. 
.do. 


San  Francisco  River. 

do 

do 

.....do.. 

do 


7  miles  above  Gila  Farm, 

N.  Hex. 
1   mile   above  mouth, 

above  Gila,  N.  Mex. 
Cliff,  N.Mex 


Mangus,  N.  Mex 

Glenwood,  N.  Mex. 

....do 

..-..do 

....do 

do 


5.10 


6-  .38 
6-  .14 
6-  .42 
6-  .60 


256 
48 

3 
03 
al 

8.3 
84 
25 

9.8 
•  6.5 


aEsthnated. 

f>  Distance  down  from  reference  point  to  water  surface.  Reference  point  is  a  staple  driven  into  root  of 
large  cottonwood  tree  about  20  feet  downstream  from  tree  which  is  the  second  one  on  the  right  bank  above 
the  ford. 
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A.  Page. 

Aooancj,  degree  of 26-27 

Acknowledgments  to  those  akUDg 2&-30 

Acre-ftwt,  definition  of. 14 

Alamo  River  near — 
Brawlejr,  Cal.: 

description 60 

discharge CO 

discharge,  dally 51 

discharge,  monthly 51 

gageheights 50 

Alma,  N.  Mex., 

San  Francisco  Rirer  at: 

description 222 

discharge 222 

discharge,  daily 223 

discharge,  monthly 224 

gageheights 223 

Animas  River  at — 
Astec,  N.  Mex«: 

description 194 

discharge 194 

discharge,  daily 195 

discharge,  monthly 196 

gageheights 195 

Animas  River,  flood  in 190 

flood  scenes,  plates  showing 190 

Appropriations,  amount  of 7 

Arbdes,  Colo., 

Piedras  River  at: 

discharge 234 

San  Joan  River  near: 

discharge 234 

Arrow,  Ck>lo., 

Middle  Ranch  Creek  near: 

description 142,144 

discharge 142,145 

discharge,  daUy 143-144,146-147 

discharge,  monthly 144, 147 

gageheights 143,145-146 

South  Ranch  Creek  near: 

deecriptlon 147,150 

discharge 148,150 

discharge,  daUy 149,151-152 

discharge,  monthly 149,152 

gageheights 148,150-151 

Aspen,  Colo., 

Castle  Creek  near: 

discharge 233 

Hunters  Creek  near: 

discharge 233 

Maroon  Creek  near: 

discharge 233 

Roaring  Fork  near: 

discharge 233 

Authority  for  investigations 7 


Aztec,  N.  Mex.,  Page. 

Animas  River  at: 

description 1 94 

discharge 194 

discharge,  daily 195 

discharge,  monthly 196 

gage  heights 195 

flood  scene  at,  plate  showing 190 

B. 
Basalt,  Colo., 

Frying  Pan  River  at: 

description 161-162 

discharge 162 

discharge,  daily 163 

discharge,  monthly 163 

gage  heights 162 

Big  Jim  Creek  near— 
Fraser,  Colo.: 

description 118 

discharge 118 

discharge,  dally 120 

discharge,  monthly 122 

gageheights 119 

Blanco,  N.  Mex., 

San  Juan  River  at: 

description 191 

discharge 191 

discharge,  daily 102-193 

discharge,  monthly 193 

gageheights 192 

Blue  Cut  canal  near— 
Orangeville,  Utah: 

discharge 238 

Blue  River  at— 

Breckenrldge,  C^lo.: 

discharge 233 

Dillon,  Colo.: 

discharge 233 

Bolster,  R.  H.,  work  of 30 

Brawley,  Cal., 

Alamo  River  near: 

description go 

discharge go 

discharge,  dally 51 

discharge,  monthly 51 

gageheights go 

New  River  near: 

description 61-52 

discharge 62 

gageheights 52 

Breckenrldge,  Colo., 
Blue  River  at: 

discharge 233 

Bulberry  Creek,  discharge  of. 234 

237 
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Carbondale,  Colo., 
Crystal  River  near: 

description 1(0-164 

discharge 164 

discharge,  daHy 165 

discharge,  monthly 165 

gage  heights 164 

Castle  Creek  near- 
Aspen,  Colo.: 

d  ischarge 233 

Central,  Utah, 

Santa  Clara  River  near: 

description 212-213 

discharge 213 

discharge,  daily 214 

discharge,  monthly 214 

gage  heights 213 

Six  Mile  Flat  canal  near: 

discharge 235 

Central  Colorado  Power  Co.,  cooperation  of..      29 

Chatfleld,  C.  L.,  work  of 80 

Clapp,  W.  B.,  work  of 30 

Clear  Creek  near— 
Wlnslow,  Arlx.: 

descriptton 205 

gage  heights 205 

Cleveland  oanal  near— 
Huntington,  Utah: 

discharge 233 

CM,  N.  Mex., 

Duck  Creek  near: 

discharge 236 

Clipper  Canal  near- 
Orangeville,  Utah: 

discharge 233 

Colorado,  cooperation  of 29 

Colorado  River  drainage  bashi,  general  feap 

turesof 34-35 

Cotorado  River,  and  Green  River,  descrip- 
tion of. 35-39 

Colorado  River  at— 
Yimia,  Ariz.: 

description 44-46 

discharge 45-46 

discharge,  daily 47 

discharge,  monthly 47 

gage  heights 4(^-47 

Cotorado  Yule  Marble  Co.,  plant  of,  plate 

showing 164 

Computing,  office  methods  in. 22-26 

Cooperation,  credit  for 29-30 

Cooperative  data  for  stations  in  Fraser  River 

drainage  basin 112-113 

Cottonwood  Creek  near- 
Orange  villo,  Utah: 

description 81-82 

discharge 82 

discharge,  daily 83 

discharge,  monthly 83 

gage  heights 82 

Crystal  River  near— 
Carbondale,  Colo.: 

description 163-164 

discharge 164 

discharge,  daily 165 

discharge,  monthly 166 

gageheights 164 


Crystal  River  near— Continued.  Page. 

Hot  Springs,  Colo.: 

discharge 234 

Redstone,  Colo.: 

discharge 233-234 

Sewell,  Colo.: 

discharge 234 

Current  meter,  description  of 19-20 

use  of. 18, 20-31 

views  of 20 

Current-meter  stations,  views  of 18 

D. 

Definitions  of  terms  used 13-14 

Delta,  Cok>., 

Uncompahgre  River  near: 

description 178 

discharge 179 

gage  heights 179 

Dexter,  Cok)., 

Willow  Creek  near: 

discharge 233 

Dillon,  Colo., 
Blue  River  at: 

discharge 233 

Tenmile  Creek  at: 

discharge 233 

Discharge,  computation  of 22-26 

determinatton  of,  plate  showing 24 

measurement  of 16-21 

Discharge  measurements,  nature  of 15-16 

Divide  Creek  drainage  basin,  description  of. .      165 
See  West  Divide  Creek. 

Donkey  Creek,  discharge  of 234 

Drainage,  stream  flow  and 9-10 

Drainage  basins,  list  of 10 

Duchesne  River  basin,  description  of 52-55 

Duchesne  River  at— 
Myton,  Utah: 

description 55 

discharge 66 

discharge,  daily 57 

discharge,  monthly 57 

gage  heights 56 

Duck  Creek  near— 
Cliff,  N.  Mex.: 

discharge 235 

Durango,  Colo.,  flood  scene  at,  plate  showing.      190 
Rk>  Florida  near: 

discharge 234 

E. 

Eagle  River  basin,  description  of 155 

Eagle  River  at— 
Gypsum,  Colo.: 

description 155 

discharge 155 

discharge,  daily 156 

discharge,  monthly 157 

gage  heights 156 

East  Jim  Creek,  ue  Big  Jim  Creek. 

Elk  Creek  near— 
Fraser,  CoU).: 

descriptton 129 

discharge 129 

discharge,  daily 131 

discharge,  monthly 133 

gageheights 180 


Digitized  by 


Google 


INDEX. 


289 


Emery,  Utab,  Page. 

Bmery  canal  near: 

discharge 234 

Independent  oanal  near: 

discharge 234 

Muddy  Creek  near: 

description 18M82 

discharge 182 

discharge,  daily 182 

discharge,  monthly 183 

gage  heights 182 

Emery  canal  near— 
Emery,  Utah: 

discharge •234 

Equivalents,  list  of 14-16 

Escalante,  Utah, 

Escalante  Creek  near: 

description 183 

discharge 184 

discharge,  dally 184 

discliarge,  monthly 184 

gage  heights 184 

Escalante  Creek  near— 
Escalante,  Utah: 

description 183 

discharge 184 

discharge,  daily 184 

discharge,  monthly 184 

gage  heights 184 

Escalante  River  drainage  basin .  description  of     183 

Evaporation  at  Holbrook,  Ariz 203-205 

F. 
Perron,  Utah, 

Ferron  Creek  near: 

description 83-84 

discliarge 84 

discharge,  daily 85 

discharge,  monthly 85 

gage  heights 84 

North  canal  near: 

discharge 233 

South  canal  near: 

discharge 233 

Ferron  Creek  near— 
Ferron,  Utah: 

description 83-84 

discharge 84 

discharge,  daily 85 

discharge,  monthly. 85 

gage  heights 84 

Field  practice,  methods  of 16-21 

Fish  Creek,  discharge  of 234 

Fletcher,  R.  H.,  work  of 30 

Float  method,  description  of 19 

Flood  to  Animas  River,  plates  showing 190 

Flood  in  San  Juan  Valley,  general  features  of.  187-188 

rainfall  during 188-189 

rfeumd  of 190-191 

rivers,  behavior  during 189-190 

Animas  River 190 

La  Plata  R  i  ver 190 

San  Juan  River 189 

Flood  to  Zuni  River  valley,  general  features 

of 206-210 

views  of,  plates  showing 206,208 

Flood  prevention,  stream  flow  and 10 


Fort  Crawford,  Colo.,  Page. 

Unoompahgre  River  at: 

description 174 

discharge 175 

discharge,  daily 176 

discharge,  monthly 176 

gage  lieights 176 

Fort  Duchesne,  Utah, 

Utota  River  at: 

description 72 

discliarge 73 

discharge,  daily 74 

discliarge,  monttily 74 

gagp  heights 73 

Eraser,  Colo., 

Big  Jim  Creek  near: 

description 118 

discharge 118 

discharge,  daily 120 

discbarge,  monthly 121 

gage  heights 119 

Elk  Creek  near: 

description 129 

discliarge 129 

discharge,  daily 131 

discharge,  monthly 132 

gage  heights 130 

Eraser  River  near: 

description 113, 115 

discharge 113,116 

discharge,  daUy 114, 117 

discharge,  monthly 115, 118 

gageheights 113-114,115 

Little  Jim  Creek  near: 

description 121 

discharge 121 

discharge,  daily 122-123 

discharge,  monthly 123 

gage  heights 122 

St.  Louis  Creek  near: 

description 132, 134 

discharge 132,135 

discharge,  daily 133-134,136 

discharge,  monthly 134, 136 

gage  heights 133, 135 

Vasquez  River  near: 

description 124,126 

discharge 124,126 

discharge,  daily 125, 128 

discharge,  monthly 126,129 

gage  heights 124-125,127 

Eraser  R  i ver  basin,  description  of 1 10 

stations  in,  cooperative  data  for 112-113 

Frazer  River  at  or  near— 

Fraser,  Colo.;  lovrer  station: 

description 115 

discharge 115 

discharge,  daily 117 

discharge,  monthly 118 

gage  heights 116 

Fraser,  Colo.;  upper  station: 

description 113 

discharge 113 

discharge,  daily 114 

discharge,  monthly 115 

gage  heights 113-114 
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Fcaier  River  at  or  aeur-^^ntlnued. 

Onmby,  Colo.:  Paice. 

description 110 

dIachargB 110 

diacharge,  daily Ill 

discharge,  monthly 112 

gage  heights Ill 

Freeman,  W.  B.,  work  of 30 

Fremont  River  drainage  basin,  description  of.  1 79 

miscellaneous  measurements  in 234 

Fremont  River  n&ur— 
Thurber,  Utah: 

description 179>180 

discharge 180 

discharge,  daily 181 

discharge,  monthly 181 

gage  heights 180 

Fremont  River,  Right  Fork  of,  discharge  of.  234 

Frying  Pan  River  at— 
Basalt,  Cok>.: 

description i;i-162 

discharge 162 

discharge,  dally 163 

discharge,  monthly 163 

ga«eheights 162 

Thomasville,  Colo.: 

discharge 233 

Fuller,  E.  S.,  work  of 30 

O. 

Gage  heights,  nature  of 15 

Gaging  stations,  classification  of 22-24 

description  of. 18 

listoL 30-34 

Gila,  N.  Mex., 

Mo^llon  River  near: 

discharge 235 

Gila  River  drainage  basin,  description  of. .  217-218 

misodlaneous  measurements  in 235 

Gila  River  near— 
Redrock,  N.  Mex.: 

description 219 

discharge 219 

discharge,  daily 220-221 

discharge,  monthly 221 

gage  heigh ts 220 

Gila  Farm,  N.  Mex.: 

discharge 235 

Glen  wood,  N.  Mex., 

Whitewater  Creek  near: 

discharge 235 

Glenwood  Springs,  Colo., 
Grand  River  at: 

description 100 

discharge 100 

discharge,  daily 101 

discharge,  monthly 102 

gage  heights 101 

Roaring  Fork  at: 

description 150-160 

discharge 160 

discharge,  daily 161 

discharge,  monthly 161 

gage  heights 160 

Granby,  Colo., 
Fraser  River  at: 

description ,, 110 

discharge 110 


Granby,  Ook>.— Oonttnued. 

Fraser  River  at— Continued.  Page. 

discharge,  daily Ill 

discharge,  monthly 112 

gage  heights Ill 

Grand  River  at: 

description 92-93 

discharge 93 

discharge,  daily 94 

discharge,  monthly 94 

gageheights 93 

Stillwater  Creek  near: 

discharge 233 

Gradd  Lake,  Colo., 

Grand  Lake,  east  inlet,  near: 

discharge 233 

Grand  Lake,  north  inlet  to,  at: 

description 105 

discharge 105 

Grand  Lake,  outlet,  at: 

description 105-106 

discharge 106 

discharge,  daily 107 

discharge,  monthly 107 

gageheights 106 

Grand  River,  North  Fork  of,  at: 

descriptkm 90 

discharge 91 

discharge,  daily 92 

discharge,  monthly 92 

gageheights 91 

Grand  Lake,  east  inlet  to,  near- 
Grand  Lake,  Cok>.: 

discharge 233 

Grand  Lake,  north  inlet  to,  at— 

Grand  Lake,  Colo.: 

description 105 

discharge 105 

Grand  Lake  outlet  at— 

Grand  Lake,  Cok>.: 

description 105-106 

discharge 106 

discharge,  daily 107 

discharge,  monthly 107 

gageheights 106 

Grand  River  drainage  basin,  description  of . .  87-90 

miscellaneous  measurements  in 233-234 

Grand  River  at  or  near— 

Glenwood  Springs,  Colo.: 

description 100 

discharge 100 

discharge,  daily 101 

discharge,  monthly 102 

gageheights 101 

Granby,  Colo.: 

description 92-93 

discharge 93 

discharge,  daMy 94 

discharge,  monthly 94 

gageheights 93 

Kremmling,  Colo.: 

description 97 

discharge 98 

discharge,  daily 99 

discharge,  monthly 99 

gageheights 98 
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Grand  Elver  at  of  newS-Oontlmied, 

Palisades,  Colo.:  Page. 

description 102 

discharge 103 

discharge,  daUy 104 

discharge,  monthly 104 

gage  heights 103 

Bulpbar  Springs,  Colo.: 

description M-96 

discharge 96 

discharge,  daily 96 

discharge,  monthly 97 

gagebeights 96 

Grand  River,  North  Fork  of,  near- 
Grand  Lake,  Colo.: 

description , 90 

discharge 91 

discharge,  daily 92 

discharge,  monthly 92 

gage  heights 91 

Grand  River,  South  Fork  of,  near- 
Lehman,  Colo.: 

description 107-108 

discharge 106,233 

discharge,  daily 109 

discharge,  monthly 109 

gage  heights 108 

Great  Western  canal  near— 
Orangevllle,  Utah: 

discharge 233 

Green  River,  and  the  main  Colorado  River, 

description  of 35-39 

Green  River  drainage  basin,  miscellaneous 

measurements  in 233 

Green  River  at— 
Greenriver,  Utah: 

description 39-40 

discharge,  daUy 41-43 

discharge,  monthly 43-44 

gageheights 40 

Greenriver,  Utah, 
Green  River  at: 

description 39-40 

discharge,  daUy 41-43 

discharge,  monthly 4^-44 

gageheights 40 

San  Rafael  River  near: 

description 79 

discharge 80 

discharge,  dally 81 

discharge,  monthly 81 

gage  heights 80 

Grover  Creek,  discharge  of 234 

Gunnison  River  drainage  basin,  description 

of 169-172 

Gunnison  River  at— 
River  Portal,  Colo.: 

description 172 

discharge 173 

discharge,  dally 173 

discharge,  monthly 174 

gageheights 173 

Gypsum,  Colo., 
Eagle  River  at: 

description 155 

discharge 155 

dispharge,  daily 156 

95620**— W8P  269—11 16 


Gypsum,  Colo.— Oontinued. 

Eagle  River  at— Continued.  Page. 

discharge,  monthly 157 

gageheights 156 

Gypsum  Creek  I 
discharge.. 
Girpsum  Creek  I 
Gjrpsum,  Colo.: 

discharge 233 

H. 

Hardy,  W.  v.,  work  of 30 

Helper,  Utah, 

Price  River  near: 

description »  77 

discharge 77 

discharge,  daily 78 

discharge,  monthly 79 

gageheights 78 

Hoeblg,  A.  H.Jr.,  workof 30 

Holbrook,  Ariz.,  monthly  rainfall, 

evaporation,  and  temperature  at 203-205 

Holbrook,  Ariz., 

Little  Colorado  River  at: 

description 202 

gageheights 208 

Hunters  Creek  near- 
Aspen,  Colo.: 

discharge 233 

Huntington,  Utah, 

Cleveland  Canal  near: 

discharge 233 

Huntington  Canal  near: 

discharge 233 

Huntington  Creek  near: 

description 86-86 

discharge 86,233 

discharge,  dally 87 

discharge,  monthly 87 

gage  heights 86,233 

North  Canal  near: 

discharge 23? 

Huntington  Canal  near— 
Huntington,  Utah: 

discharge 233 

Huntington  Creek  near— 
Huntington,  Utah: 

description 85-86 

discharge 86,233 

discharge,  daily 87 

discharge,  monthly 87 

gageheights 86 

Hurricane  Canal  near- 
Virgin,  Utah: 

discharge.' 235 

I. 

Ice,  measurements  under 21, 26 

Independent  Canal  near— 
Emery,  Utah: 

discharge 234 

Indian  Creek  In— 

Strawberry  Valley: 

description 62-63 

discharge 63 

discharge,  daily 63 

discharge,  monthly 63 

gage  heights 63 
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Indian  Creek, 

Strawbory  River  abore  mouth  of:  Page. 

deacrlptioa 58 

dischaige 68 

dischaiKe,  daily 68 

diadiarge,  monthly 60 

gageheights 68 

Strawberry  River  below  mouth  of: 

description 60-61 

diacharge 61 

discharge,  daily 62 

diacharge,  monthly 62 

gage  heights 61 

Indian  Office,  cooperation  of. 29 

Investigations,  authority  for 7 

purposes  of 9-10 

scope  of. 8 

Irrigation^  stream  flow  and 0 

Ivy  Creek,  disdiarge  of 234 

J. 

Jackson,  H.  J.,  workof 80 

Jones,  H.  A.,  work  of. 80 

K. 

King,  L.  T.,  work  of. 30 

Kremmling,  Ccdo., 
Grand  River  at: 

description 07 

disdiarge 98 

disdiarge,  daily 00 

disdiarge,  monthly 00 

gageheights 06 

L. 

La  Boca,  Colo., 

Los  Pinos  River  at: 

diachaige 234 

Spring  Creek  at: 

discharge 234 

Lake  Fork  near- 
Lower  Canyon,  Utah: 

diachaige 233 

Hyton,  Utah: 

description •. 67 

discharge 68 

discharge,  dally 00 

discharge,  monthly 00 

gageheights 68 

Whiterocks,  Utah: 

description 65 

discharge 65 

discharge,  daily 66 

discharge,  monthly 67 

gageheights 66 

Lake  Fork,  reservoir  site  on  West  Fork  of, 

plate  showing 54 

La  Plata,  N.  Hex., 

La  Plata  River  at: 

description 196 

discharge 197 

discharge,  daily 196 

discharge,  monttily 199 

gage  heights 197 

La  Plata  River  at^ 

La  Plata,  N.  Mex.: 

description 196 

disdiarge 197 

disdiarge,  daily 198 


La  Pkta  River  a»^-Continued. 

La  Plata,  N.  llex.-Continued.  Page. 

discharge,  monthly 109 

gageheights 197 

La  Plata  River,  flood  in 190 

LaBoe,  E.C.,  workof SO 

La  Verkin  Canal  near— 
Virgin,  Utah: 

disdiarge 3SS 

Lehman,  Colo.. 

Grand  River,  South  Fork  of,  near— 

descripUon 107-106 

disdiarge 108,233 

disdiaiige,  daily 100 

disdiarge,  monthly 100 

gageheights 106,233 

Lime  Creek  near— 
Thomasville,  Colo.: 

discharge 233 

Little  Colorado  River  drainage  basin, 

description  of 200 

miscellaneous  measurements  in 234 

Little  Colorado  River  at— 
Holbrook,  Arii.: 

description 202 

gageheights 903 

St  Johns,  Aril.: 

description 200 

discharge 1' 200 

disdiarge,  daily 901 

disdiarge,  monthly 903 

gage  heights 901 

WoodrufT,  Aris.: 

description 902 

Little  Jim  Creek  near— 
Fraser,  Cok>.: 

description 121 

discharge 121 

discharge,  daily 12^123 

discharge,  monthly 123 

gageheights 122 

Loa,Utah, 

Torry  oanal  nean 

discharge 234 

Los  Pinos  River  at— 
La  Boca,  Cok>.: 

discharge 234 

Lower  Canyon, 
Lake  Fork  nean 

discharge 233 

Lyons,  Thomas,  assistance  of 29 

M. 

McChristie,  M.  E.,  work  of 80 

McDoweU,  Arlx., 
Salt  River  at: 

descriptkn 927 

discharge 228 

discharge,  daily 220 

discharge,  monthly 230 

gageheights 220 

Verde  River  at: 

description 930 

discharge 230-231 

discharge,  daily 233 

discharge,  monthly 232 

gage  heights , 231 

Mamm  Creek  drataiage  basin,  description  of.  168 
au  West  Mamm  Cteek. 
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Mammoth  ObdaI  near— 

Orangevflle,  Uuh:  Page. 

discharge 233 

MangUB,  N.  Mex. , 
IfanguB  Creek  nean 

discharge 236 

ICangus  Creek  near— 
Mangus,  N.  Hex.: 

discharge 235 

Manning  ditch,  near— 
Tucson,  Ariz.: 

discharge 22S 

ManoeUto,  N.  Mex.^ 
Manuelito  Creek  nean 

discharge 234 

Manuelito  Creek  near— 
ManoeUto,  N.  Mox.: 

discharge 234 

Maroon  Creek  near- 
Aspen,  Cok>.: 

discharge 233 

Martin,  W.F.,  work  of 30 

Mathers,!.  O.,  work  of 30 

Means,  H.C.,  work  of 30 

Middle  Box  Canyon  of  Gila  River,  plate  show- 
ing       164 

Middle  Ranch  Creek  near- 
Arrow,  Colo.;  lower  station: 

description 144 

discharge 146 

discharge,  daUy 146-147 

discharge,  monthly 147 

gage  heights 145-146 

Arrow,  Colo.;  upper  station: 

descriptton 142 

discharge 142 

discharge,  daUy 143-144 

discharge,  monthly 144 

gage  heights 143 

Miller,  CD.,  work  of 30 

Miner's  Inch,  definition  of 13 

Miscellaneous  measurements  in— 

Fremont  River  basin 234 

Gila  River  basin 235 

Grand  River  basin 233-234 

Green  River  basin 233 

Little  Colorado  River  basin 234 

San  Juan  River  basin 234 

Virgin  River  basin 235 

Mbapa,  Nev., 

Muddy  River  nean 

descrlptton 216 

discharge 216 

MogoUon  River  near— 
Gila,  N.  Mex.: 

discharge 236 

Montrose,  Colo.. 

Unoompahgre  River  at: 

description 176 

discharge 176 

discharge,  daily 177 

discharge,  monthly 178 

gage  heights 177 

Muddy  Creek  near— 
Emery,  Utah: 

description 181-182 

discharge 182 

discharge,  daOy 182 


Muddy  Creek  near— Conthmed. 

Emery,  Utah— Continued.  Page. 

discharge,  monthly 183 

gage  heights 182 

Muddy  River  near— 

Moapa,  Nev.: 

descriptkm 216 

discharge 217 

Myton,  Utah, 

Duchesne  River  at: 

description 56 

discharge 66 

discharge,  daily 57 

discharge,  monthly 57 

gage  heights 66 

Lake  Fork  near: 

de8criptk>n 67 

discharge 68 

discharge,  daily 09 

discharge,  monthly 60 

gagetaeights 68 

N. 
Navi^  Creek  near— 

Pagosa  Junction,  Cok).: 

discharge 234 

Navigation,  stream  flow  and 9 

New  Mexico,  cooperation  of 29 

New  River  near— 
Brawley,  Cal.: 

description 51-52 

discharge 52 

gage  heights 52 

Nogales,  Ariz., 

Santa  Cruz  River  at: 

descriptkm 224 

gageheigfats 224 

North  oanal  near— 
Ferron,  Utah: 

discharge 233 

Huntington,  Utah: 

discharge 233 

North  Ranch  Creek  near- 
Rollins  Pass,  Colo.;  lower  station: 

descript  ton 1 39 

discharge 139 

discharge,  daily 141 

discharge,  monthly 142 

gage  heights 140 

Rollins  Pass,  Coto.;  upper  statton: 

description 137 

discharge 137 

discharge,  daily 138 

discharge,  monthly 139 

gage  heights 137-138 

O. 

Oak  Creek,  discharge  of 234 

Oflace  practice,  methods  of 22-26 

Orangevllle,  Utah, 
Blue  Cut  canal  near: 

discharge 233 

Clipper  canal  near: 

discharge 233 

Cottonwood  Creek  nean 

descriptton 81  82 

discharge 82 

discharge,  daily 83 
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OrangeriUe,  Utah— Continued. 

Cottonwood  Creek  near— Continued.         Page. 

discharge,  monthly 83 

gage  heights 82 

Great  Western  canal  near: 

discharge 233 

Mammoth  canal  near: 

discharge 233 

P. 

Padgett,  H.  D.,  work  of 30 

Pagosa  Junction,  Colo., 
Navajo  Creek  near: 

discharge 234 

Palisades,  Colo., 
Grand  River  at: 

description 102 

discharge 103 

discharge,  daily 104 

discharge,  monthly 104 

gage  heights 103 

Phelan,  J.  J.,  workof. 30 

Pledras  River  at— 
Arboles,  Colo.: 

discharge 234 

Pinto,  Utah, 

Pinto  Creek  near: 

discharge 285 

Pinto  Creek  near— 
Phito,  Utah: 

discharge 236 

Porter,  E.  A.,  work  of 30 

Price  River  basin,  description  of 77 

Price  River  near- 
Helper,  Utah: 

description 77 

discharge 77 

discharge,  dally 78 

discharge,  monthly 79 

gage  heights 78 

Publications,  lists  of 10-13 

Q. 
Queatah-up-pah  Canal,  discharge  of 234 

R. 

Rabbit  Valley,  streams  in,  discharge  of 234 

Rating  curves,  construction  and  use  of 22 

Rating  tables,  construction  of 22 

nature  of 16 

Raven,  Colo., 

West  Divide  Creek  at  or  near: 

description 166 

discharge 166 

discharge,  dally 167 

discharge,  monthly 16V 

gage  heights 166, 167 

Reclamation  Service,  cooperation  of 29 

Redrock,  N.  Mex., 
Gila  River  near: 

description 219 

discharge 219 

discharge,  dally 220-221 

discharge,  monthly 221 

gage  heights 220 

Redstone,  Colo., 

Avalanche  Creek  at: 

discharge 234 

Coal  Creek  nean 

discharge 234 


Redstone,  Colo.— Continued. 

Crystal  River  near:  Page, 

discharge 23^234 

Revision,  need  for 27-28 

Rice,  R.C.,  workof 30 

Rifle,  Colo., 

West  Uamm  Creek  near: 

description 168 

discharge,  dally 160 

discharge,  monthly 169 

gage  heights 168 

Rio  Florida  near— 
Durango,  Colo.: 

discharge 234 

River  Portal,  Colo., 
Gunnison  River  at: 

description 172 

discharge 173 

discharge,  daily 173 

discharge,  monthly 174 

gage  heights 173 

Roaring  Fork  bashi,  descrlptk>D  of 157 

Roaring  Fork  at  or  near- 
Aspen,  Cok).: 

discharge 233 

Emma,  Colo.: 

description 157 

discharge 158 

discharge,  dally ISO 

discharge,  monthly 150 

gage  heights 158 

Glen  wood  Springs,  Colo.: 

description 159-160 

discharge 160 

discharge,  dally 161 

discharge,  monthly 161 

gagehelghts 160 

Rollins  Pass,  Colo., 

North  Ranch  Creek,  near: 

description 1 37, 139 

discharge 137,130 

discharge,  dally 138,141 

discharge,  monthly 139, 142 

gagehelghts 137-138.140 

Run-oflf,  computation  of 22-26 

definition  of 13 

Russell,  G.H.,  workof 30 

S. 
St.  George,  Utah, 

St.  George  Canal  near: 

disci   rge 236 

Santa  Clara  River  near: 

descripUon 214-215 

discharge 215 

discharge,  daily 216 

discharge,  monthly 216 

gagehelghts 215 

Seep  canal  near: 

discharge 235 

St  George  Canal  near— 

St.  George,  Utah: 

discharge 235 

St.  Johns,  Aril., 

Little  Colorado  River  at: 

description 200 

discharge 200 

discharge,  dally 201 

discharge,  monthly 202 

gage  heights 201 
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8t  Loois  Creek  near^ 

FiBser,  Colo.,  lower  statioa:  Page. 

description. 134 

discharge 135 

discharge,  daily 136 

discharge,  monthly 136 

gage  heights 135 

Fnser,  Colo.,  upper  station: 

description. 132 

discharge 132 

discharge,  daUy 133-134 

discharge,  monthly 134 

gage  heights 133 

Salton,  Cal., 

Salton  Sea  near: 

description 48-49 

gageheights. 49 

rise.monthly 49 

Salton  Sea  near— 
Salton,  Cal.: 

descripUon. 48-49 

gageheights. 49 

rise,  monthly 49 

Salton  Stok,  description  of 48-49 

Salt  River  drainage  basin,  description  of 227 

Salt  River  at— 

KcDowell,  Arts.: 

description. 227 

discdiarge 228 

discharge,  daily 229 

discharge,  monthly 230 

gage  heights 229 

Sand  Creek,  discharge  of 234 

San  Francisco  River  at— 
Abna,  N.  Mex.: 

description 222 

discharge 222 

discharge,  daily 223 

discharge,  monthly 224 

gage  heights 223 

San  Joan  River  drainage  basin,  description 

of 185-187 

flood  of  Sept  5  and  6,  1909,  In,  general 

features  of 187-188 

Animas  River,  behavior  of,  during . .  190 

La  Plata  River,  behavior  of,  during.  190 

rainfall  during 188-189 

rfeum^of 190-191 

San  Juan  River,  behavior  of,  during .  189 

map  showing 188 

miscellaneous  measurements  in 234 

San  Juan  River  at  or  near— 
Arboles,  Colo.: 

discharge 234 

Blanco,  N.  Mex.: 

description. 191 

discharge 191 

discharge,  dally 192-193 

discharge,  monthly 193 

gageheights 192 

San  Juan  River,  flood  in 189 

San  Rafael  River  drainage  basin,  description 

of 79 

San  Ra&el  River  near— 
Greenriver,  Utah: 

description. T9 

discharge 80 

discharge,  daily 81 


San  Rafael  River  naar— Continued. 

Oreenrlver,  Utah— Continued.  Page. 

discharge,  monthly 81 

gageheights 80 

Santa  Clara,  Utah, 

Santa  Clara  oanal  nean 

discharge , 235 

Santa  Clara  canal  near- 
Santa  Clara,  Utah: 

discharge 235 

Santa  Clara  River  near- 
Central,  Utah: 

description. 212-213 

discharge 213 

discharge,  daily 214 

discharge,  monthly 214 

gage  heights 213 

St.  George,  Utah: 

description 214-215 

discharge 215 

discharge,  daily 216 

discharge,  monthly 216 

gageheights 215 

Santa  Cruz  River  at  or  near— 
Nogales,  Ariz.: 

description 224 

gageheights. 224 

Tucson,  Ariz.: 

description. 225 

discharge 225 

discharge,  monthly 226 

Second-feet  per  square  mile,  definition  of 13 

Second-foot,  definition  of 13 

Section,  changes  in,  estimation  for 23-25 

Seep  oanal  near— 
St.  George,  Utah: 

discharge 235 

Sewell,  Colo., 

Crystal  River  nean 

discharge 234 

Thompson  Creek  near: 

discharge 234 

Six  MUe  Flat  oanal  near- 
Central,  Utah: 

discharge 235 

Slope  method,  description  of 17 

Snebon,  W.  H.,  work  of 30 

Solomon  Creek,  discharge  of 234 

South  oanal  near— 
Ferron,  Utah: 

discharge 233 

South  Ranch  Creek  near- 
Arrow,  Colo.,  lower  station: 

description 160 

discharge 160 

discharge,  daily 151-152 

discharge,  monthly 1S2 

gageheights 150-151 

Arrow,  Colo.;  upper  station: 

description 147 

discharge 148 

discharge,  daily 149 

discharge,  monthly 149 

gageheights 148 

Spitzer,  Colo., 

Willow  Creek  near: 

discharge 233 
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Spring  Creek  at—  Page. 
La  Boca,  Colo.: 

discharge 234 

Springdale,  Utah, 
Virgin  River  near: 

discharge 236 

Zion  Creek  near: 

discharge 235 

3pnice  and  Cr]rstal  Canal,  discharge  of 234 

Stewart,  J.  B.,  work  of 30 

Stillwater  Creek  near— 
Qranby,  Colo.: 

discharge 233 

Stzawberry  River- 
above  mouth  of  Indian  Creek: 

description 56 

discharge 58 

discharge,  dally 58 

discharge,  monthly 50 

gageheights 56 

below  mouth  of  Indian  Creek: 

description fiO 

discharge fiO 

discharge,  daily 60 

discharge,  monthly 60 

gageheights 60 

Strawberry  River  at— 
Theodore,  Utah: 

description 60-61 

discharge 61 

discharge,  daily 62 

discharge,  monthly 62 

gageheights 61 

Strawberry  Valley, 
Indian  Creek  In: 

description 62-63 

discharge 63 

discharge,  daily 63 

discharge,  monthly 63 

gageheights 63 

Trail  Hollow  Creek  in: 

description 64 

discharge 64 

discharge,  daily 64 

discharge,  monUily 64 

gage  heights 64 

Stream  measurements,  accuracy  of 26-27 

data  of,  use  of 28 

methods  of 16-21 

Sullivan,  V.  L.,  work  of 30 

Sulphur  Springs,  Colo., 
Grand  River  at: 

description 94-95 

discharge 95 

discharge,  daily 96 

discharge,  monthly 97 

gage  heights 96 

Williams  Fork  at: 

description 153 

discharge 153 

discharge,  daily 154 

discharge,  monthly 155 

gage  heights 154 

Swamps,  drainage  of,  stream  flow  and 9-10 


T.  Poge. 

Tables,  explanatkui  of 15-  lb 

Terms,  definition  of 13-14 

Thomas  vllle,  Colo., 

Frying  Pan  River  near: 

discharge 233 

Lime  Creek  naar: 

discharge 233 

Thompson  Creek  near— 
Sewell,  Colo.: 

discharge 234 

Thurber,  Utah, 

Fremont  River  near: 

description 17^180 

discharge 180 

discharge,  daily ISl 

discharge,  monthly 181 

gageheights 180 

Torry  Canal,  discharge  of 234 

Trail  Hollow  Creek  in— 
Strawberry  Valley: 

description 64 

discharge 64 

discharge,  daily 64 

discharge,  monthly 64 

gageheights 64 

Tucson,  Aril., 

Santa  Crux  River  and  ditches  at: 

description 226 

discharge 225 

discharge,  monthly 22b 

U. 

Uinta  River  at  or  near- 
Fort  Duchesne,  Utah: 

description. 72 

discharge 73 

discharge,  dally 74 

discharge,  monthly 74 

gageheights 73 

Whlterocks,  Utah: 

description 70 

discharge 71 

discharge,  daily 71 

discharge,  monthly 72 

Uncompahgre  River  at  or  near- 
Delta,  Colo.: 

description 178 

discharge 179 

gage  heights 179 

Fort  Crawford,  Colo.: 

description 174 

discharge 175 

discharge,  daily 175 

discharge,  monthly 175 

gage  heights 175 

Montrose,  Colo.: 

description 176 

discharge 176 

discharge,  daily 177 

discharge,  monthly 178 

gage  heights 177 

Upper  Fremont  Canyon,  discharge  of 234 

Utah,  cooperation  of 29 
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V.  Page. 

Vasquei  RiTer  near— 

Freser,  Colo.,  lower  statton: 

description 126 

dischargB 126 

diadiarge,  dally 128 

discharge,  monthly 129 

gage  heights 127 

Fraaer,  Colo.,  upper  station: 

description 124 

discharge 124 

discharge,  daily 125 

discharge,  monthly 126 

gagehdghts 12+-125 

Velocity  method,  description  ol 17-21 

Verde  River  at— 
McDoweU,  Aris.: 

description 230 

discharge 230-231 

discharge,  daily 232 

discharge,  monthly 232 

gagehalghts 231 

Vlckery,  R.  E.,  asslstanoe  of 29 

Virgin,  Utah— 

Horricane  oanal  near: 

discharge 235 

La  Verldn  canal  near: 

discharge 235 

Virgin,  Utah, 

Virgin  River  at: 

description 210-211 

discharge 211 

discharge,  daily 212 

discharge,  monthly 212 

gagebeights 211 

Viigin  River  drainage  basin,  description  of. .  210 

miscellaneous  measurements  in 236 

Vta^  River  at  or  near— 
Springdale,  Utah: 

discharge 235 

Virgin,  Utah: 

description 210-211 

discharge 211 

discharge,  daily. « 212 

discharge,  monthly 212 

gage  heights 211 

W. 

Walters,  M.L,  work  of 30 

Water  power,  stream  flow  and 9 

Water  supply,  stream  flow  and 9 

Weirmethod,  description  of 17 

West  Divide  Creek  at  or  near- 
Raven,  Colo.: 

description 166 

discharge 166 

discharge,  daily 167 

discharge,  monthly 167 

gage  heights 167 

West  Jim  Creek,  tee  Little  Jim  Creek. 
West  Mamm  Creek  near- 
Rifle,  Colo.: 

description 168 

discharge,  daily 160 

discharge,  monthly 169 

gage  heights 168 

Whiterocks,  Utah, 
Lake  Fork  near: 

description 65 

discharge 66 


Whiterocks,  Utah— Continued.  Page. 

Lake  Fork  near— Continued. 

discharge,  daily 06 

discharge,  monthly 67 

gagehel^ts 66 

Uinta  River  nean 

descriptioo 70 

discharge 71 

discharge,  daily 71 

discharge,  monthly 72 

gage  heights 71 

Whiterocks  River  near: 

description 74-75 

discharge 76 

dlsdiarge,  daily 76 

discharge,  monthly 76 

gage  heights 76 

Whiterocks  River  near— 
Whiterocks,  Utah: 

descriptk>n 74-76 

discharge 75 

discharge,  daily 76 

discharge,  monthly. « 76 

gage  heights 75 

Whitewater  Creek,  Cok).,  discharge  of 234 

Whitewater  Creek  near— 
Qlenwood,  N.  Hex.: 

discharge 235 

Williams  Fork  basin,  description  of 163 

Williams  Fork  near- 
Sulphur  Springs,  Colo.: 

description 163 

discharge 163 

discharge,  daily 164 

discharge,  monthly 155 

gagebeights 154 

Williams  Fork,  site  for  reservoir,  plate  show- 
ing   54 

Willow  Creek  near- 
Dexter,  Cok>.: 

discharge 233 

Spitser,  Colo.: 

discharge 233 

Wlnstow,  Arix., 
Clear  Creek  near: 

description 206 

gagebeights 205 

Wood,  Mrs.  B.  D.,  work  of 30 

Woodruff,  Arix., 

Little  Colorado  River  at: 

description 202 

Work,  division  of. 30 

Y. 
Yuma,  Ariz., 

Colorado  River  at: 

descripUon 44-45 

discharge 45-16 

discharge,  daily 47 

discharge,  monthly 47 

gagebeights 46-47 

Z. 
Zlon  Creek  near— 
Springdale,  Utah: 

discharge 236 

Zunl  dam  failure,  plates  showing 206,206 

Zunl  Reservoir,  log  of 208 

Zunl  River  drainage  basin,  flood  in 206-210 

map  of 207 

rainiUlin 208 
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